
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



TELEGRAPH SECONDARY 
CELL INSTALLATIONS. 



TELEGRAPH SECONDARY 
CELL INSTALLATIONS. 



PRACTICAL WORK 

ON THE 

CHARGING AND MANAGEMENT 

OF 

ACCUMULATORS. 



By 

ARTHUR CROTCH, 

Author of ^^ Elementary Telegraphy and 2'elepkpiiy" ; Silver 
Medalist and' I/onoursiiian in Telegraphy, and Honoursman 
in Telephony, City and G%Ulds of London Institute ; sometime 
Lecturer in these subjects at the Municipal Technical Schools, 
Norivich. 



ONE HUNDRED ILLUSTRATIONS. 



GUILBERT PITMAN, 
85, Fleet Street, London, E.G!- 

190G. 



• / (^ 



THE NEW YORK 

ASTCR. LEVO>- ANO 



• ; :-/• 



[ent. sta. hall.] 
{A// rights resented.) 



PREFACE. 

TO describe an installation of secondary cells a 
great deal more is required than merely to 
treat of the battery itself. Given the latter, 
the question of charging immediately arises. If a 
public supply of continuous current at a low pressure 
be available, direct charging is resorted to, but if the 
voltage be unsuitable a dynamo is necessary. An 
electric motor is then employed to drive the dynamo. 
In the case of an alternating supply, the motor will 
of course be single, two or three phase. All this 
machinery is quite outside the domain of telegraphy, 
from which standpoint the book is written. Hence, 
in order to add to its possible usefulness I have 
traversed, broadly and simply, the whole field of 
generators and motors — direct and alternating current 
— together with the accessories, voltmeters, cut-outs, 
etc., involved. 

A. C. 

Engtneer-in-Chief's Department, 
G.P.O., London, E.G. 
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'CHAPTER I. 
Direct-Current Generators. 

FOR the generation of the powerful currents re- 
quired for electric h'ghting and power purposes 
the primary battery — as represented by th.e 
Daniell, bichromate, or even the Groves cell — is 
obviously inadequate. An apparatus is demanded of 
greater output, and free from the laborious processes 
of recharging by the reassembling of fresh chemical 
agents. This apparatus is found in the "dynamo- 
electric machine." The latter term is a generic one, 
and covers the machinery entirely, whether used as a 
generator or a motor, employing direct or alternating 
currents. These are all based on the principle of 
magneto-electric induction or the relative movement 
of a magnetic field and a conductor. 

In Fig. ly pgrs is B, single turn or coil of wire 
placed so as to be capable of revolution in the 
channel formed by the hollowed -out poles of a power- 
ful horseshoe magnet — only one pole of which is 



to 
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shown. The direction of the lines of force is int^^i 
cated by the arrows ww. The dotted line, xy^ repre- 
sents the shaft carrying the coil, and this shaft has at 
its forward end two copper rings, insulated from each 
other and from the shaft. Pressing on these, so as to 
secure good contact, but not sufficiently hard to 
impede the turning of the coil, are two copper strips, 
or "brushes," A and B, which lead to the external 




Fig. I. 



circuit The end, /, is connected to the ring in con- 
tact with B, and end s to the ring touching A. 

Now, with A and B joined externally, if the coil be 
turned sharply in a clock-wise direction, the upper 
portion pq will descend and " cut " the lines of force, 
and this cutting will induce a current in the direction 
pq. Whilst the upper limb is descending, the lower 
one, rs, is ascending and cutting the lines in an 
opposite sense, giving rise to a current in the 
direction r to s. But these two currents, although 
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reversed as regards the two limbs, are in the same 
direction as regards the complete coil, and a current, 
due to the action of both portions, leaves the ring /, 
and traverses the external circuit in the direction A B. 
Whilst this has been going on the coil will have 
turned through half a revolution, and the portion rs 
will now be uppermost and /^ lowest. If the motion 
be continued for another half revolution, rs will 




Fig. 2. 



descend and pq ascend — that is, their motion will be 
reversed, and a current due to them both will traverse 
the coil in the direction srgp and the external 
circuit B to A. Hence, if the coil be turned con- 
tinuously, two currents will be set up per revolution, 
and these will be in opposite directions. In other 
words, an "alternating" current is set up, and the 
machine is an " alternator." 
Instead, however, of using the two complete rings 
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for the collection of the current, we may adopt 
another device, shown in Fig. 2. This is a single 
ring, cut in halves so as to' form two semi-circles, the 
ends/ and s of the coil being connected one to each. 
When/^ is descending and rs rising, as we first con- 
sidered, a current flows through the coil in the direc- 
tion pqrs and through the external circuit from A to 
B. At the next half revolution, when the current in 
the coil is in the direction srqp^ the segment/' has 
left B and is in contact with A ; similarly, the seg- 
ment s has left A and is touching B. The current, 
therefore, although reversed in the coil, passes 
through the outer circuit from A to B, or in the same 
direction as before. The office, then, of the halved 
ring is to " rectify " or " commute " the alternating 
currents generated in the coil, and to deliver them to 
the external circuit in one direction only. For this 
reason it is termed the " commutator," and fitted thus 
our apparatus becomes a ** dynamo," or a direct 
current generator. The two classes are generally 
spoken of as dynamos and alternators. We will now 
consider the former. A typical machine is illus- 
trated in Fig. 3, details of which we shall consider 
later. 

Dynamo. — In Figs, i and 2, if we regard/^ only, 
the E.M.F. induced therein (giving rise to a current 
if the circuit be closed) will have a certain value, 
depending on the strength of the magnetic field, the 
length of pq, and the rate at which it cuts this field. 
Similarly with r s. But these two portions are in 
series with each other, and are cutting the lines at the 
same time. Hence the E.M.F. \x\ pq \s additive to 
that in rs. It follows therefore tl>at the greater the 
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jcrif^th of the conductor cutting the field at the same 
time the greater the induced E.M,F. If our coil, 
thcHj instead of consisting of a single turn, have many 
turns, its K.M.F. will be much increa.^ed. It will be 
seen that the back portion q r o{ the coil and the 
-front portions parallel therewith simply pass bcHveen 



I 




Fig. 3.— Two pole Dynamo. 



the lines, anil do not cut them. These parts are 
therefore idle, and do not contribute to the E.M.F. of 
the coih Their resistance is, of course, added- 

Now, when the coil approaches an upright position 
— one limb in the highest and the other in the lowest 
position— its mQyemcnt, over a limited space, is 
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almost -parallel with the lines of force. Instead of 

cutting the latter, the coil is slipping between them, 

and no E.M.F. is induced. As its revolution is con- 

"thnjeviit cuts an increasing number until, in passing 

tbfe horizontal position, it cuts the greatest number 

^■bssible. That is, if the coil is turned at a uniform 

^ate, it cuts the maximum number of lines in a given 




time when passing the horizontal position. This will 
easily be seen from Fig. 4. The circle indicates the 
journey of the coil, cd represents the upright, m 71 the 
horizontal, and the otnei imes show other inter- 
mediate positions of the coil. The series of lines, if 
continued round the circle, would divide it into twenty 
equal portions. If the coil occupies, say, one second 
of time in making a complete revolution, it will take 
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•5^^ of a second in passing from position gh to that 
represented by ij\ and so on. In other words, the 
coil occupies equal times in passing from any one 
position to the next. Now, in moving from ab toed 
the movement of the coil is practically parallel with 
the lines, hence none are cut. Similarly, in passing 
from cd to ef. From efto gh^ however, the coil cuts 
a few lines ; thence to // a larger number, and in 
progressing to >^/a much larger. In passing from kl 
to nm and from nm to op it cuts the maximum 
number of lines. Each of these steps being covered 
in an equal length of time, the E.M.F. rises gradually 
from zero to its highest value. Continuing its journey 
from op to fe, the coil passes through similar stages, 
but with decreased cutting, and the E.M.F. falls to 
zero. This is the result of a half revolution. In com- 
pleting the full revolution the same effects occur, of 
gradual rise and fall of E.M.F., this time in a reverse 
direction, but by means of the commutator the re- 
versal is prevented from extending to the outer 
circuit. In each revolution, then, there are two posi- 
tions when the induced E.M.F. is at a minimum or 
nil, and two when it is at a maximum. Hence the 
I continued turning of the coil sets up in the outer 
j circuit, not a steady, continuous current, but a series 
;' of impulses, each of which rises gradually to its 
( height and then gradually dies away. 

If we place another complete coil at right angles to 
'■the first, then one will be in the position of maximum 
: activity, whilst the other is inactive, and the impulses 
i will succeed each other more quickly. In practice, 
; therefore, a large number of coils is employed ; the 
pulsations of current then follow each other so rapidly 
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as to form a practically continuous current. The 
increase in the number of coils involves a greater 
number of parts in the commutator : for four coils our 
ring must be cut to form four segments, and so on. 

Let us now place a soft-iron ** core " in the interior 
space of the coils. The lines of force of the iron wil 
be added to those already existing, and the magnetic 
field will be enormously strengthened. The coils in 
turning now cut a much larger number of lines in th 
same time, and the E.M.F. is proportionately in- 
creased. This core, of cylindrical shape, is mounter 
on the shaft and carries the coils ; the three members, 
with the commutator, constituting the "armature." 
In the early machines the iron was a solid mass, and 
a grave disadvantage ensued. In turning, the core 
itself cuts the field just as the coils do, and being z 
good conductor and of great cross-section, large 
currents are set up in it — these being reversed twice3 
per revolution, as in the coils.. The core then is 
traversed by powerful, rapidly-alternating currents; 
which contribute nothing to the external circuit, but 
are confined to the iron alone. Hence they art 
utterly wasted, and in addition, they heat the arma 
ture to a dangerous degree. The heat increases the 
resistance of the conductors themselves and damages 
their insulation. The iron, therefore, is now not a solid 
mass, but is laminated, or built up of thin plates or 
laminae. That is, the iron core is formed by stringing 
thin discs on the shaft, these discs being insulated 
from each other by layers of varnish or of thin paper. 
The iron is thus still continuous from pole to pole, or 
in the direction of the lines, but is not continuous in 
that of these wasteful " eddy " currents. 



CBLL imtALLAtlONS. 



J7 



ne 
er 



\ 

or 

\\\ 
ic 
'n; 
le 
i-J 

d' 
•e 
z. 

u 

ret 
a-i 

lie 
es 

id; 

or 



Series and Shunt Machines.— Up to the 

present we have considered the magnetic field as 
being provided by a permanent magnet. This 
method, however, gives comparatively feeble results, 
and is impracticable. Electro-magnets are therefore 
used. These, termed from their function the " field- 
magnets," are excited by means of current from the 
armature. In one arrangement the whole of the 
armature current is carried round the field-magnet 
coils before going to the external circuit, as illus- 
trated in Fig. 5. The windings then consist of a few 




Fig. s.~Series DynatJio. Fig. 6.— Shunt Dynamo. 

^ turns of large, heavy conductor — and such a machine 
ns a "series" dynamo. In another arrangement, 
{indicated in Fig. 6, the field-magnets are wound with 
J many turns of fine conductor, and have thus a com- 
paratively high resistance. These are joined as a 



'ishunt upon the external circuit, so that the current 

Htom the armature divides, part being utilized to 

(excite the field-magnets and part going through the 

(outer circuit. This is a "shunt" dynamo. Some- 
in • 
I times the two methods are combined, giving a " com- 

. pound-wound " machine. 
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We see now that the E.M.F. developed by s 
dynamo depends on {a) the length of conductor, oi 
the number of turns employed in cutting the mag, 
netic field ; (6) on the rate at which the conductor^ 
cut the field, or on the speed of rotation ; and (c) or 
the strength of the magnetic field. Having treated 
in this introductory manner, of the members of the 
direct-current generator, we will now consider their 
as in actual practice. 

Ring Armature. — There are practically twc 
classes — the ring or cylinder, and the drum. Thi 





Fig. 7. Fig. 8. 

core of the former, instead of being built up of disc 
as we have considered, is formed of large, thin ring 
or washers, suitably supported on the shaft. These 
washers may have either plain exterior edges, or may 
have deep slots cut in the edges so as to leave pro 
jecting teeth — termed, from the inventor, Pacinotti 
teeth. In the first case, the coils are wound over the 
core so as to completely cover it, as in Fig. 7 ; and in 
the second they are confined to the slots or spacer 
between the teeth, as shown in Fig. 8. When the 
armature from back to front is comparatively short; 
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te.y not a large number of washers used, we have a 
rring armature : with a large number of washers, form- 
ing a longer arrangement, the ring naturally becomes 
\ cylinder. In both cases it will be seen that only 
(the wire or conductors on the external circumference 
pire usefully employed ; for if any E.M.F. were in- 
duced in the inner winding of the ring, it must oppose 




Fig. 9. — Ring Armature in Two-pole Field. 



^the true E.M.F. in direction. The lines, however, 
•.from one pole divide and stream through the upper 
lind lower portions of the ring, reuniting at the other 
e|pole — practically none passing through the interior. 
VThis inner wire, with that on the ends of the arma- 
s ture, is thus idle. 

Fig. 9 illustrates the principle of the winding of a 
,. ring armature. Eight coils only are shown, and these 
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iUW. The ri^ht-hand middle coil is undergoing 
nmximum inductive influence — that is, it is cut 
the lines at right angles ; whilst the other two o 
right are in positions of equal medium activity, ar 
three are tending to send current in the same direc 
On the left the middle coil is in the positio 
maximum, and the other two in medium actf 
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itsuhese three are urging current in the opposite direc- 
maion to those on the right hand. But the metallic 
^ndjtrips, or " brushes," are pressing on the points where 
"ntihe reversal occurs, so that the state of affairs may 
-xtbe exactly represented by two equal sets of batteries 
)laced in parallel, as in Fig. lo. The total E.M.F. is 
^rt hus that of one side only, but the resistance is one 

fuarter of the whole length of the coils. As the 
rmature revolves, all the coils change places in 
uccession, so that the figure practically represents 
khe constant electric condition of the machine. 
/ 




i Fig. II. 

Assuming the armature to be rotated in a simple 

two-pole field, as in Fig. 9, and in the direction 

ndicated, it will easily be seen that in the outer 

)ortions of the conductors on the right, the induced 

'^ urrents will flow from front to back, and in those on 

§1 he left from back to front. The upper brush thus 

^Becomes the negative, and the lower brush the posi- 

' live pole of the armature. 

Drum Armature. — The core plates of this may 
^pe simple discs, with a hole for the shaft ; or this 
jflatter hole may be so much enlarged that the discs 
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really becomes rings or washers as before. They ar' 
then attached, to the shaft by means similar to thos^ 
.used in the ring armature. The circumference of th( 
discs may be left plain and covered with the wind 
ings^ or it may be slotted and the conductors lai 




Fig. 12, 



therein. The essential difference between the ri 
and the drum arrangement, however, is in the windii 
In the latter the conductors are entirely confined 
the exterior, there being no inner idle wire. Tli 





tlG. 13. 



Fig, 14. 



on the ends is, of course, inactive as before. Fig. i 
shows the principle of the winding, and Fig, 1. 
illustrates a complete armature of the slotted type 
together with the commutator. 



« 
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r'l Commutator. — This consists of a number of 
s^iard-drawn copper bars or segments insulated from 
liiach other and from the shaft by thin plates of mica, 
dj^he whole being mounted on a sleeve of gun-metal 
i'Vhich, in its turn, is secured on the shaft. Fig. 13 is 
partly a side view and partly a side section of a com- 
mutator, and Fig. 14 is a portion of an end section. 
GG are the copper bars, each being shaped as shown, 
and separated from its neighbours and from the 
sleeve, B, by the insulator, C ; D is a washer, and E a 
clamping ring which keeps all the bars in position ; 
P is an extension, or lug, to which the junctions of 
the coils are connected. 

Brushes. — Instead of the simple strips of Figs, i 

ii^end 2, these are built up of smaller thin strips, sweated 

(together at one end ; or of copper wires similarly 

/treated. Another form consists of fine wire, plaited 

li or woven together; this is then put under pressure 

and covered with copper gauze. The end aimed at 

is to secure a comparatively soft mass to bear on the 

commutator, so as to make good contact without 

\ undue wear. Carbon brushes are now very largely 

Jtused. These consist of small carbon blocks, mounted 

■tin suitable carrying pieces or brush-holders. 

/ Whether of copper or of carbon, several brushes 

are combined in parallel to form one set — so as to 

afford good collecting surface. The brush-holders 

are mounted on a " rocker," which allows the brush 

•System to be shifted to any position on the commu- 

ijtator. 

Diameter of Commutation — Lead. — In 

31 Figs. 9 and 10 we assumed the lines of the field to be 

Tunning horizontally. On this assumption, the two 
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halves of the ring whose E.M.F.'s are acting 
parallel are on either side of a vertical diamete 
Now the brushes, obviously, must make contact wit 
the commutator in this vertical line, so as to pick u] 
the positive ends of the two halves on one, and th| 
two negative ends on the other brush. This line 
therefore termed the " diameter of commutation 
and is always at right angles to the direction of tl 
field. 

But in addition to the field proper, i.e., that due 
the field-magnets, another field is set up by tl 
current flowing through the armature, and this w 
be in a vertical direction. The direction of tl 
resultant field will, therefore, be somewhere betwee 
the two. The effects of the field-magnets, howeve 
are much more powerful than those of the current i 
the armature — hence the effect of the latter is simp 
to distort or twist the field proper in the direction 
rotation. The diameter of commutation, as we ha 
seen, is at right angles to the actual direction of t^ 
field, and as the points of contact of the brushes mu 
be along this diameter, the brushes have to be shift 
forward, or given a " lead " of the same amount as th 
displacement of the field. It is the function of th 
rocker to allow of this adjustment of the brushc 
to the proper points of contact on the commutatc 
surface. 

Two-pole Machines. — Figs. 3 and 15 are c: 
amples of the type of machine which we have bee 
considering, viz., that in which the field is a simpl 
one, between a single pair of poles. Fig. 3 illustratcl 
a dynamo constructed by Messrs. Scott and Moun 
tain, of Newcastle. The field-magnet, of horseshoq 
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ihape, is placed yoke uppermost, so that the arma- 
^re is mounted on the base of the machine. This is 
Icrmed, from the position of the armature, the tmdcr- 
ftype. The centre of rotation being low, this forjTi is 
]i mechanically good, and tends to great steadiness in 
^running* It has a drum armature, the conductors 
^'tetng carried in slots ; and carbon brushes, the 
^racker-handlc of which is shown just above and in 



i 




Fig. 15.— Two- pole Dynamo. 



/ront of the commutator. The field-magnets are 
shunt or series wound^ according to the uses to which 
he machine is to be put 

Fig. ig illustrates a type of two-pole dynamo, con- 
tracted by Messrs. Johnson and Phillips, In this the 
"Meld-magnet is inverted, standing on its yoke. The 
^tnounting of the armature is thus raised considerably, 
iind constitutes the over-type. The rocker^ with its 
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handles above and below^ and the copper brushes, arc) 
plainly seen in the figure, j 

FoTir-pole Machines. — Besides the preceding 
two-pole type, machines having two pairs of pokfl 
(four-pole), three pairs six-pole), and more (mult^ 
polar J, are employed, for various reasons. We shall 




Fig, le.— Foun-rULE Dynamo. 

only consider a four-pole one, as this will illnstrat 
the principle of them all. 

Fig. 16 shows such a machine as manufactured b 
Messrs. Scott and Mountain. Instead of a horsesho, 
magnet, we have a ring with four inner projection 
bolted to it These carry the field- magnet coils ani 
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form the poles, the supporting ring acting as a com- 
mon yoke. The armature, in this particular dynamo, 
is a drum, slotted to receive the conductors. In a 
two-pole field the current is reversed twice in each 
revolution of the armature. With a four-pole one it 
is reversed four times per revolution. We have also 




Fig. 17.— Ring Armature in Four-pole Field. 



two diameters of commutation, and therefore two 
pairs of brushes. These are joined in parallel — 
positive to positive and negative to negative. The 
brushes are of carbon, as can be seen from the illus- 
tration. Instead of using two pairs, however, dia- 
metrically opposite segments of the commutator 
\ may be connected together, when a single pair o( 



CHAPTER IT. 
Direct-Current Motors. 

Principle of Motor. — When a conductor cuts a 
magnetic field, as we have seen, a current is set up 
in it. In order to produce the necessary motion, 
mechanical energy has to be applied. If, on the 
other hand, we cause a current of sufficient strength 
to pass through a conductor which is stationary in a 
suitable position in a magnetic field, the conductor 
-xperiences mechanical movement. A simple case 
5f this is seen with a magnetic needle placed parallel 
vith a wire. When a current is passed through the 
atter, the needle is deflected, and tends to set itself 
It right angles to the wire. The direction of the 
novement is such that the lines of force of the 
needle tend to approach parallelism with those of the 
v^ire. 

Taking the case of the simple coil of Fig. 2, instead 
>f causing it to revolve and thus giving us current, 
^e will assume it to be in the position shown in 
Pig. 1 8, and that it is supplied with current from a 
t>attery. The direction of this current in the external 
circuit is the same as in Fig. 2. It flows from the 
battery to the upper brush (marked li in Fig. 2), 
inters the segment / of the commutator, passes 
through the coil in the direction p q r s, and leaves 
by segment /. Considering the interior of the coil, 
ihe field set up may be regarded as represented by 

/ 



5^ 



TELEGRAPH SECONDARY 



the lines n n s s, with the arrow-heads at their uppl 
extremities. The direction of the field, due to tl 
poles of the permanent magnet, is horizontal, and [ 
indicated by the dotted lines^ with the arrow-heads j 
their left-hand extremities. Now, the field due 
the armature tends to set itself parallel with thatl 
the permanent maj^nets ; or, in other words, the pc 
nun of the coil is repelled by the N pole of th 
magnet, and attracted by the s pole. Similar, hi] 



i 



Fig, i8. — PKiMciJ^Lt, Oh' Motor. 

oppositCj attraction and repulsion take place wl 
J s s, and the coil turns in the direction indicated I 
the arrow at the top. W^hen the first half-revolutic 
is completed, the current through the coil is revers 
by the action of the commutator. The effect of th 
reversal is to keep the fi pole of the coil uppermo: 
and the armature is thus continuously rotated. Tl 
direction of rotation is the reverse to that in which 
would have to be turned as a generator to set il 
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irrents in the same direction in the external circuit, 
id the brushes are set in the opposite direction to 
lose in Fig. 2. 

Broadly speaking, then, the san^.e machine will 
rye either as a motor or as a dynamo or generator, 
we apply mechanical energy to actuate it, we get 
ectrical energy given out. If we supply it with 
ectrical energy, it gives us mechanical energy in 
turn. Therefore, in having described the dynamo, 
e have also described the motor. Practical machines, 
course, are not built to be thus reversible, but 
leoretically they are capable of performing either 
nction. 

Counter E.M.F. — It is easily seen that when a 
otor is running its armature conductors are cutting 
le lines of force of the field just as in a generator, 
his cutting naturally sets up a certain E.M.F. The 
otion, however, which causes the cutting is itself set 
> by the prime current ; hence this E.M.F., being an 
feet, must naturally be less than the originating 
use, which is the E.M.F. applied to the terminals of 
e motor. Further, by an examination of Figs. 9 
id 1 8, it IS evident that this secondary E.M.F is in 
e opposite direction to the prime E.M.F. from 
liich it arises. It is therefore termed the " opposing," 
e " back," or " counter " E.M.F. of the motor. The 
tter, indeed, is driven by a current due to the 
iflerence between the originating and the counter 
.M.F.'s. 

tThis is a very valuable property of the electric 
[Otor. The greater the speed at which it runs, the 
feater the counter E.M.F. Hence when the machine 
{running " light " — i.e.y doing no useful work— it runs 
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at its highest speed. The back E.M.F. then reaches 
a maximum, and the actual current -^- (where E 
represents the app.ied E.M.F., e the counter E.M.F., 
ind R the resistance) passing through the armature 
s reduced to a minimum. When the load is thrown 
5n, the speed is immediately slowed down. The 
apposing E.M.F. is thus lowered, and a larger curicnt 
lews, which exerts a greater pull. 

Direction of Hotation. — Motors generally are 
either shunt or series wound. ^In the latter cnsc, if 
he machine is supplied with current in the same 
lirection as it would furnish as a generator, the 
irmature revolves in the opposite direction. When a 
hunt-wound machine is so supplied it runs in the 
ame direction as it would be driven as a dynamo, 
he current being reversed in the field- magnets. To 
everse the direction of rotation of a shunt or series 
lotor the current must be reversed in either the 
rmature or the field-magnets, but not in both. 

Detailed Description of Motor. — The following 
ine figures illustrate a " Witton " 4-pole motor 
id its various parts, as manufactured by the General 
lectric Company. Figs. 19 and 20 are two forms of 
le complete machine. A cast-iron ring or cylinder, 
ito which four pole-pieces of mild steel are cast, 
institutes the frame of the motor. This is shown in 
ig. 21. On these pole-pieces are placed the field- 
:>ils, of circular shape (Fig. 26), and on the inner 
ids are fitted wider laminated extensions or shoes, 
hich embrace the armature. The latter is of the 
rum type, and is built up of charcoal iron plates, 
ach plate being insulated from its neighbours, 
hese are slotted to receive the coils, a single one of 
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Ylti. 21, 





Fid. 2!:. 
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which is illustrated in Fig. 27* The CC 
ture, with commutator and shaft, is 
and an enlarged view of the commut 
which shows clearly the connections tol 

Being a four-pole machine, either tl 
bars must be cross-connected, as in 
pairs of brushes must be used. The 
is adopted. The four sets of carbon bni^ 
in holders of gun-metal and carried 
are shown in Fig. 25, as are also 
conductors. 

The armature bearings are mounts 
shields (Fig. 22), which arc bolted 
Each of these shields consists of a circij 
a broad bridge- piece which carries thcs 
either side of this bridge-piece is a 
fitted with a hinge and shajjed so as ttj 
shield. Each door has two apertures cut 
19 is known as the "open protected'* 
this the shields are minus the doors, 
the bridge- bearing pieces serve as protect^ 
covering, the open sides allow of easy ace 
inspection of the commutator, etc, Fig.l 
"enclosed ventilated" type. The shields 
are fitted with the doors, and the apertur 
are covered with wire mesh. Two other] 
constructed — the semi-enclosed, having th€ 
in the doors quite open, and the totally -Cil 
which the apertures are provided with solj 
so as to entirely cover in the interior parts. 

Starting. — It follows, in consequcuc 
counter E.M.F., that the working current o 
is never that (^) which would result from 
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3n by its resistance of the E.M F. applied, but a 



In starting, however^ if we 



by 
lower value (^ 

jfily apply the full E,M.F. at our disposal, the 
r being at rest, and the counter E3LF. therefore 
he resulting current wtU be very much greater 
the conductors of the armature were designed lo 
Hence great damage or complete " burning- 




FiG. 7S.— MoTuR Starting Switch. 



fbu1d result A graduated resistance is thcrc- 
tisertcd, so that the initial current Fhall be small- 
he motor speeds up, and the counter E.M.R 
ops, this resistance is gradually reduced and 
y cut out. With a series motor this starting 
ance is in the main circuit of both field-magnet 
irmature ; but with a shunt-wound motor it is 
ed to the armature circuit, the field-magnet — 
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of compwiratively high resistance — ^being coi 
directly across the mains. A starting switch 
purf)ose is sho\m in Fig. 28, and its conn 
together with the motor, are given in Fig. 2C 
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negative main is brought (through a suitable 
to one side of the armature and to one side 
field-magnet coils. The other sides of these \ 
nccted to the two ends of the starting res 
which is cut up into sections by the series c 
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>r\ the field-magnet side of this resistance a small 
icctro-magnet is placed in circuit The positive 
lain is brought (also through a switch, not shon-n^to 
ie lever. When the latter is moved over to the first 
Dntact, the positive main is connected through the 
iectro- magnet to the field-magnet coils which are 
lus thrown directly across the mains. A path is 
I so opened through the whole resistance to the 
rmature, and the motor starts. As the speed in- 
•eases and the counter E.M.F. develops, the lever is 
loved, step by step, to the right This cuts out 
actions of the resistance from the armature circuit, 
nd throws them into that of the field-magnet 
^hen the last stop is reached, the starting resistance 

short-circuited, and the full E.M.F. of the supply is 
Dnnected to both armature and field-magnet The 
^vc^ carries a small soft-iron armature, and when the 
>rmer reaches its right-hand limit this armature 
Dmes in contact with the poles of the electro- magnet, 
irough which the field-current is flowing. The lever 
J thus held fast in this position against the pull of a 
pring which tends to bring it to the left. This is the 

no-voltage release," and its office is as follows : 
suppose the main current to be cu*: off — say at the 
entral supply station — for a sho-t time and then 
uddenly restored. If the interval^ be long enough to 
llow the motor to come to rest, the restoring of the 
current will be liable to burn ou^ the armature. With 
his arrangement, however, as'' soon as the current 
ails, the small electro-magnet/ceases to be energized, 
tnd allows the lever to fly /back to the left. The 
Hachine can then be re-star/ted only by the operation 
>f the lever. 
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Output, — Wc measure the energy of a ?^team-| 
engine In horse-power, and the amount which it is I 
capable of giving out is termed its output. Similarly] 
with a dynamo, one of a certain size and proportions | 
is capable of giving a certain output. This, of course, 
is electrical energy^ and it is measured in zaat/s, these] 
being the product of the E,M.F. and current— 
1 volt X I ampere = i watt. As this unit is some- 
what small, the ktlo-watt (i,ooo watt?) is frequently] 
employed. A dynamo giving an E.M.F. of loo volts] 
and capable of delivering ijOOO amperes to the ex-] 
ternal circuit has thus an output of loo x i,OO0 =] 
100,000 watts or 100 kilo-watts. Such a d3'namo isl 
spoken of as a '' loo-unit *' machine. I 

Bfficiency. — A steam-engine is a machine for tlicl 
conversion of the energy of heat to that of nicchanicatl 
force. We supply the boiler with coal %vhich, under I 
suitable conditions, combines with the oxygen of tH 
air, and liberates vast stores of heat The energy oB 
this heat, through the intermediation of the boiM 
and engine, reappears at the pulley of the latter asl 
mechanical energy, available for driving machine™ 
or performing other work. Similarly, the dynamo oB 
generator is an .ipparatus for converting mechanioB 
into electrical e icrgy* An electric motor, on tM 
other hand, perfor is the converse operation of chaiH 
ing electrical into -pechanical energy. Now, wh^| 
ever we change en ygy from one form to anotl^B 
there is always a ^^^s in the process — the loss^| 
conversion. The g'^^^ter this loss the less eflFici^^B 
the machine. The enriMency, then, of a machine 
the relation between t'^'e energy given out by 
and that supplied to it, CL,j^gidering the steam-eng 



I 
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nd boiler as one machine, it is a singularly inefficient 
)iece of apparatus. In the best makes the efficiency 
s only about 15 per cent That is, if we put a 
lundred units of heat-energ)" into the furnace of the 
boiler, we get only fifteen units of mechanical energy 
from the engine. From a theoretical point of view, 
then, this is a very inefficient machine ; but, prac- 
tically, this is not felt, since fuel is cheap. 

The efficiency of a dynamo is the ratio between 
the electrical energy given out and the mechanical 
^energy used to drive it. The relationship between 
the electrical and mechanical units is such that 746 
Wtts are the equivalent of one horse-power, or 746 
watts — one electrical H.P. Thus, if the lOO-unit 
jfcachine, previously mentioned, takes 167*5 H.P. to 
prive it, the efficiency is 



100,000 
Output ... 746 134 



= *8 or 80 per cent. 



Intake ... 167-5 '^7*5 

In contradistinction to the above, which is the 
:>mmercial efficiency, we also speak of the electrical 
iRciency of the dynamo. This is the ratio between 
ectric energy given out and total electric energy 
^veloped. The former is, of course, the energy 
iven to the external circuit ; the latter is the energy 
ven out, plus that employed in energizing the ficld- 
lagnets. 

The efficiency of a motor is the ratio between the 
lechanical energy given out and the electrical energy 
sed to drive it. 



CHAPTER III. 
Alternating-Current Machines. 

The principle of the alternating-current generatof 
is given in Fig. i, where the two collccting-ringi 
allow the alternations set up in the armature to pas^ 
uncommuted, to the external circuit. The design of 
the alternator is generally very different to that of 
the direct-current dynamos ; we will consider a well^ 
known type. 

Alternator. — Fig. 30 illustrates an alternal 
constructed by Messrs. Johnson and PJiillips. 
this the armature is stationary, and the field-m; 
rotates. The outer iron frame carries inside i\ 
armature core, consisting of a broad inner rii 
soft iron or steel. This ring is not a solid mass, 
is built up of a large number of thin rings, m\ 
netically insulated from each other. Near the in: 
edge of this laminated ring are the slots which eai 
the winding. Fig. 31 is a side view of a portion 
the armature and field. This shows the outer fn 
and the inner core pierced by the (empty) slots, F^ 
32 illustrates the same portion of the core laid 
or as seen from the inside of the ring. The cdl 
sixteen in number, have sixteen turns each, eigl 
turns being placed in each slot. The inner end, j, 
the first coil, is connected to the inner end of 
second ; the outer end, x, of the latter to the 01 
of the third, and so on. 
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The rotating portion consists of a central iron hi 
firmly secured to the shaft, and to the outer cjrcui 
ference of this are bolted the cores of the sixte 
electro-magnets forming the field. On the ends 





Fms. 31 AND 32. 

these, pole-pieces or shoes are fixed. The magnrf 
are wound with insulated copper strip so as to p 
duce alternate N. and S. poles— the iron hub servi 
as a common yoke. The ends of the field-wind 
are brought to two insulated rings mounted on | 
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ETaTid by brushes pressing on these the exciting 
rent from a separate direct-current dynamo is 
ried to the field-coils. 
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Fig 33. 



rhe three stages A, B, and C of Fig. 33 show in 

ail the setting-up of the E.M.F. by the movement 

:he field-magnets. Four coils are indicated, lying 

as in Fig. 32, and over these the magnet-poles 
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sweep, successively revealing and concealing the coib 
from our view. Each group of four slots carries half 
the active winding of two succeeding coils; thatfa» 
each coil occupies two slots of two adjacent groupi 
When the poles, with regard to the coils, are passii^ 
the idle or zero position shown at A, no E.M.F. is, 
being set up, as the poles are immediately over the 
interior spaces of the coils. As the field moves to the 
right the lines of force projected from the poles cut 
the conductors in the slots. The position of maxi- 
mum cutting is shown at B, where the poles art, 
exactly over the groups of slots. An N pole, Id 
passing the conductors, induces currents therein ina^ 
downward direction, as indicated by the arrows. An, 
S pole, in passing, sets up currents which flowinafl 
upward direction. By connecting up the coils in tk 
manner shown, those induced currents all flowinthj 
same direction as regards the entire armature. Ttej 
result, therefore, of the movement from A to the nextj 
zero position is that a pulsation of current is senti 
through the circuit (the latter being closed) in a cer- 
tain direction, which we will term positive, 
moving from this second zero position to a third 
magnet-poles pass the coils again as at C. This 
each group of slots has an N pole passing over 
where in position B it had an S, and vice 
Hence this second pulsation is in the reverse dii 
tion to the first, or is a negative one. In m 
forward another step a third current, similar in dii 
tion to the first, is urged through the circuit. 

This movement of two steps, resulting in a pos"'' 
and a negative pulsation, is termed a " cycle " ; 
as there are sixteen poles on the field, and six 
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lature coils, each revolution will set up sixteen 
Dulses, or eight complete cycles. The number of 
:les set up per second is the " fiequency " or 
eriodicity " of the machine, and is denoted by the 
[n f^. This particular alternator is designed to 
n at 500 revolutions per minute, or 8.*, per second. 
ence its frequency is 66 ^^ per second. 
The impulses of E.M.F. — giving rise to impulses of 
rrent if the circuit be closed — rise gradually to 
iir maximum value and gradually die away, as wc 
V in the case of the direct-current d\nam(» Thev 




Fig. 34. 



graphically shown in Fig. 34, the horizontal line 
resenting the time occupied in making the cycle, 
I the vertical lines representing the height or value 
the induced E.M.F. This period is usually con- 
ered as an angle of 360^. Thus, starting from 
o, the E.M.F. gradually rises to a positive maxi- 
m at 90^, falls to zero at 180^, rises to a negative 
ximum at 270*^, to fall to zero at 360''. 
Mtemating-current Circuit. — In any circuit 
versed by a steady continuous current, the relation 
ween the E.M.F., resistance, and current, is ex- 
ssed by Ohm's law, C=^j^. When, however, the 
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current is started, stopped, reversed, or varied M 4 
strength, this simple expression does not hold good 
If there be considerable capacity, the initial flof 
on closing circuit may be larger than its steady 
value. Again, if large self-induction or inductance 
be present, the initial current will be much less ttai 
its steady strength. The effects of self-induction aoJ 
capacity, being felt only at starting, stopping, and 
varying the current, have not to be considered in 
continuous current working. With alternate cur- 
rents, however, no sooner is the flow established « 
one direction than it is reversed — in fact, the si 
state is never attained, but a regular series of start- 
ings and stoppings is set up. The capacity aal 
inductance of the circuit are thus of the greatest 
importance, whilst the resistance may be compai* 
tively unimportant. 

Ohm's law states that the current varies inversdf 
as the resistance. If we substitute "obstruct ion "fa 
resistance, so as to include anything that opposestk 
flow of current, the relationship expressed by the to 
still holds good. With continuous working, the ^ 
struction is simple resistance; with alternate cunti* 
the obstruction is "impedance," which is a complfl 
quantity, depending on resistance and "reactanct 
Reactance, in its turn, depends on the inductance 
the circuit and the frequency. Inductance is at 
minimum when the circuit consists of straight 
ductors ; is greater when coils are included ; and fa 
a maximum when these coils contain iron. It 
measured in henries. Further, a magnetic field 
cut a conductor, or vice versa^ at varying rates : 
quicker the movement the greater .the E.M.F. 
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d. Her.ce, the h:~her the per:>i:c:r.-. the z^^l*^ 

■eactance. 

le relationship between thefe cuir.t:":t- rr.iy ':>? 

ra by a right-angled triar.^le. --khtre "Jr.* Ty^*'.'- 

se represents the impedance hrd the- ' tbcr rt j 

; the resistance and rea.ctA'ce r^-iecrfv^Iy. 

ce — 

ipedance * = Resistance - — Kca-ta- * - 

= / Res: star. 'I e - — F:e-_*-:; ■ !-•: ji-ir.-e - 
r. 



dance = ^ Resisiar.ce - — rre-.-ie-ij -^ Ir»d-:iiz^:c *. 

nee the current never attains a nxci -.^ue- h*-t :• 
ys rising and fallircT, '.ve car.n.t scea< cf :t« 
idy strength." However, the pulpit: :r.s :*:*" «- 
other so quickly that tor n::o5t ^rartfcal z-r- 
3 the variations are imperceptible. P':r :r_-tan:e. 
ispection we cannot tell whether an :n:ar.c£<cert 
) is fed by continuous or alternating current- th- 
in both cases being perfectly steady. Thf? C"-. 'r^ 
ready means of comparison between the tv -j 
rms. If the lamp, to glow properly, recuire^ a 
nuous current of half an ampere, then the alter- 
ig current which will produce the same e:T:ct f? 
to be of the same strength. This, of c.Lrse. 
res the var>ing values through which the current 
2S, and is spoken of as the '* virtual " current, or 
'virtual amperes." Similarly, the altematfng 
.F. is measured in "virtual volts." It should 
orne in mind, however, that the maximum values 
above these virtual heights. The insulation of a 
luctor, for instance, must be designed to with- 
d the maximum pressure reached — not the 
lal value. 
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The inductance of a glow lamp is practic 
negligeable. In a circuit, therefore, consisting wh 
of lamps, the current is " in phase " with the E.1 
— that is, they rise, fall, and pass through their v; 
ing values together. With an electro-magnet, h 
ever, the inductance chokes back the current so 1 
its rise and fall take place behind the rise and fal 
the E.M.F. The former is then out of phase with 
latter, and lags behind it. The result is that befo 
pulsation of current in one direction has been o 
pleted, the commencement of a succeeding pulsal 
of E.M.F. in the reverse direction opposes it. Thi 
of great importance, as it reduces the "power fact 
of the circuit. 

The efifcct of capacity is exactly opposite. 1 
sufficiently large condenser be inserted, the cun 
may " lead " or be in advance of the E.M.F. Adv 
tage is taken of this to introduce sufficient capai 
to neutralise the effects of self-induction and to bi 
the current into phase. The amount of both lag 
lead is measured by reference to the period of 3< 
and is spoken of as the angle of lag or lead, as 
case may be. 

Polyphase Currents. — The alternating cur 
just described is of "single phase." The fiek 
usefulness for power purposes of the alterna 
current, however, has been enormously extended 
the employment of " polyphase " or " multiphs 
currents — generally confined to two and three-phi 

In V\g. 35 are two similar alternators rigidly ( 
nected together by being mounted on one d 
their armatures being connected to two dist 
circuit3. The field of the second is so placed i 
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regard to the first that whilst the poles' of the one 
are passing the coils, as at B or C in Fig. 33, the poles 
of the other are between the coils as at A in the same 
figure. The crest of each E.M.F. wave of one 
machine therefore coincides with the time of reversal, 
or zero position, of the other. The two circuits form 



iQlllt 



li! 




TT 



Fig. 35.— Principle ok Two-Phase Systkm, 

t:wo separate single-phase systems, both of which are 
-used to light the lamps /, / as usual. Between the two 
E.M.F. 's thus set up, however/there is a difference of 
phase of 90^, or they are in quadrature with each 
other. If we have a motor ;;/ with iwo windings, one 
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Fig. 36.— Principle cf Three-Phase System. 

in each phase, the currents due to both will pass 
through it. This is a two-phase system. 

Further, in Fig. 36 we have three similar alternators 
<:oupled together, with their armatures connected to 
three distinct single-phase circuits. The fields are 
«o set that there is a difference of phase of 120^, or 
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one-third of a period, between each circuit and 
neighbour. A machine with three windings, as 
will be traversed by the currents in all three ph 
This is a three-phase system. 

In practice, the two or three alternators are 
used, but one machine carries two or three systems ^ 
coils. Reverting to Figs. 31 and 32, it will be 
how this is effected. Between any one group of sic 
and the next is a vacant space. If we insert a secon 
group of slots in these spaces and provide them widll 
a separate winding, we shall transform this single-^ 
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Fig. 37.— Thkee-Phase. Star and Mesh Windings. 





phase alternator into a two-phase one. Or, altering 
the proportions of our machine somewhat, we may 
insert two new groups of slots in each vacant space 
and furnish these with two additional windings. We 
shall then have a three-phase alternator. The only 
practical difference, then, between a single, two, or 
three-phase machine is in the winding. 

A two-phase motor (;;/, Fig. 35) has two sets of 
coils (like the generator), one being in circuit with 
each phase. A three-phase motor has three sets 
similarly placed. Thus the former rea«»*-'^- ^our and 
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the latter six conductors between generator ami 
motor. Generally, however, for lx)th two and three- 
phase, only three mains are employed. In the first 
case the two conductors, b and c of I'*i*j. 35. are 
replaced by a single one, which is connected to both 
coils of the motor and of the generator. I-'.ich main in 
turn then serves as the return for the others. For 
three-phase work the pairs of conductors, b c and d t\ 
are replaced by single ones, and two plans of con- 
necting up are in use, the star and the mesh or delta, 
shown in Fig. 37, G being the generator and M the 
motor. The former consists in connecting togethir 
one end of each of the three coils and taking the 
three free ends to the lines. In the mesh arrange- 
ment the coils are joined in scries, and the three 
junctions connected to the lines. 

Fig. 38 is a three-phase alternator of the revolving 
field type, manufactured by the Lancashire Dynamo 
and Motor Company. The exciter is carried on the 
same shaft. The principle of the winding, which is 
star-connected, is given in Fig. 44. 

Fig. 39 shows graphically the rise and fall of IC.M.I*'. 
in a two and in a three-phase system, as Fig. 34 
shows it in a single-phase. The distance between the 
vertical lines in all three cases is 30^. Taking the 
crests of the E.M.F. waves, we see that in the two- 
phase system a positive impulse in phase a is 
followed, 90^ later, by a positive one in b ; 90"^ later 
a negative impulse is set up in a, followed by a nega- 
tive in b. With the three-phase system there is a 
positive impulse in a, then a negative in ^, followed by 
a positive in by at intervals of 60^. These arc shown 
by the signs at the foot of the diagram. 
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or couple it to machinery so as to give it work to \ 
it will continue to run at the same speed — the sp 
of the generator. If it be overloaded it will not i 
slower, but will stop altogether. Further, it cann 
start of itself, but must be run up to the proper sp 
by external means before the driving currents ami 
allowed to flow. This machine is then a "syn-l 
chronous'' motor ; that is, it runs in exact synchronism 
with the pulsations of the driving current. Having 
the same number of poles as the generator, it runs at 
the same speed as the latter. If it had half or twice 
the number, it would run at twice or half the speed* 
The periodicity of the supply being fixed, the speed 
of a given motor is thus pre-determined and cannot 
be varied. This may be an advantage, but is gener- 
ally the reverse ; the greatest disadvantage, however, 
is its inability to start itself. 

A much more flexible and practical machine is the 
" induction " motor, actuated by single or polyphase 
currents. Since, however, the latter are the key to 
the apparatus, and the single-phase a kind of adapta- 
tion, we will consider the polyphase induction motor 
first; but as a preliminary wc must refer to an illus- 
trative experiment. 

Rotating Magnetic Field. — Reverting to the 
four-pole dynamo of Figs. i6 and 17 — the field- 
magnet, of course, is stationary, and the armature 
rotates. But imagine the latter to be fixed — im- 
movable — and that the field-magnet revolves, carry- 
ing the brushes with it. The field now cuts the 
armature instead of the latter cutting the field, but 
the result is precisely the same — />., current is 
delivered to the external circuit. By this method, 
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SlFDchronous Motor— Suppc->c ih. 

^Hoof the single-phase altcrniitiTs. illustrate.: in I 

jO, t/ie fields of both being excited by .1 -: t-. 

(//rect-current dynamo. The tw. . machir.r.-. .-, .x- i 

ai^ driven by one or by separate e;T;^ir.e> iit :':•.- ?^: 




Fig. 39. 

speed. The engine is now disconnected from I?, and 
at the same time, by suitable means, the two arma- 
tures are connected together. Machine A, being 
actuated by the engine, will continue to act as a 
generator. The alternating currents from this, pass- 
ing through the armature coils of u, will drive the 
latter machine as a motor. If we let it run "light," 
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Polyphase Induction Motor, ^I^^ig. 40 is a 

complete induction motor as constructed by the 
Westiag:house Company. The field -magnet, or 
*'stator," shown separately and unwound in Fig. 41, 
is a hoMovv, cylindrical frame of cast iron. Inside 
this is mounted the core» ei second hollow cylinder 




FtG. 40,-'P0LVPHASK iNUUCnON MOTOR. 



built up of annealed steel rings> On the inner edg! 
of this are the slots for the reception of the windingj 
— these slots being entirely open. The comply 
wound stator is given in Fig. 42. 

An examination of Figs, 43 and 44 will show hoi 
hhe rotating field Is set op in the stator. The heau] 
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ertical lines represent ^i portion of tlic core of Fig", 
spread out flat. The lieavy lines themselves incli- 
ate the teeth or projecting portions, whilst the 




Fig, 41, — LrNWOUNi.t isJAiUK. 



Spaces between them are the slots. Referring 
specifically to the two-phase arrangement of Fig. 43, 
three coils of winding n arc shown in full lines, and 
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two coits of i? in broken lines. Each coil has two 
turns, occupies four slots, and embraces five te^tli 
If an impulse of current passes through phase a in 
the direction of the arrows, the groups of teeth ent- 
braced by this winding will have polarity induced iti 
them as in Row 1. of Fi^. 43. Those teeth ouli^idetk 




Fig. 42.— WOUIJD ^TATOR. 

coils of this phase we may assume to be idle, TH^ 
positive impulse in m is followed by a similar one in 
phase b (see Fig. 39). The teeth embraced by ^ art 
thus magnetised, as in H, These active teeth arc ttifi 
idle ones of the previous stage. Another impulse now 
traverses phase a. In the opposite direction to tte 
first. Hence the polarity developed is reversed, asifl 
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Phase i follows with another negative impulse, 

eflects are shown in Row IV. As a result of 

four impulses^ the N pole at the extreme 

)f Row L has shifted to the extreme right 

w IV. f and similarly with the other poles. Also, 

ovementj instead of being a series of steps, is a 
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Fig. 43.— Rotating FrRLU. Two-PrtASE. 



izJ one. Thus the entire Icn-^th of the stator 

is occupied by broad bands of alternate N 

i polarity, and these bands are in constant 

3n, 

, 44 shows in a similar manner the winding" for 

^e-phase motor. The third phase, r, is chain- 
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on the shaft, and the machine loses its simplicity 
thereby. 

Starting. — Small motors, with squirrel-cage 
rotors, are started by simply connecting up the sup- 
ply mains by a suitable switch. With larger machines 
this method is liable to cause a variation in the 
supply. Hence an "auto-transformer" is used, by 
which only a portion of the full pressure is applied 
When the motor has speeded up, this transformer is 
cut out, and the mains connected direct. With 
wound armatures, of course, the starting resistance 
is placed in circuit, and then gradually cut out. 

Single-phase Induction Motor. — Referring to 
the curves of the three-phase system given in Fig. 39, 
as we have already noticed, the impulses sent out are 
alternately positive and negative. Now, a single-phase 
generator sends out its impulses in just the same 
manner, excepting that, other things being equal, the 
impulses do not follow each other so quickly. At the 
motor end, with a single-phase winding, the effects of 
two succeeding impulses are represented by I. and 
III., Fig. 43. In a sense, such a field may also be 
considered as rotatory, but in either direction. If the 
armature be started it will rotate as in a polyphase 
motor, but it will run in either direction. It will not. 
however, be self-starting, since, with the armature at 
rest, a pull in one direction is always accompanied by 
an equal pull in the other. Such motors are rendered 
self-starting by providing them with an auxiliaty 
winding, in circuit with which is an inductive re- 
sistance. The machine is then started by means of 
a two-position switch, which in the " starting " position 
places the two windings in parallel. The single-phase 
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current enters both, but the inductive resistance 
produces a lag in its winding, so that for the time 
being a kind of two-phase effect is produced When 
the motor has fairly started, the switch is turned 
to the running position, and the auxiliary winding 
cut out. 



CHAPTER IV. 
Transformers and Motor-Generators. 

Transformers. — The commonest example of * 
transformer is the ordinary induction coil. In this ^ 
few turns of stout insulated wire, the " primary," af"^ 
wound over an iron core, and over this winding ^^ 
placed the " secondary " — a large number of turns C^ 
very fine wire. When the primary circuit is conr> 
pleted or broken a powerful magnetic field is set u^ 
or withdrawn, resulting in the setting up, in th^ 
secondary, of E.M.F.'s so high as to discharge acros^ 
the terminals of this winding in a series of brilliant:^ 
sparks. 

The primary being of very low resistance, even a 
small E.M.F. can produce a powerful current therein. 
We, therefore, furnish the apparatus with a large 
current, and it gives us back a high E.M.F. We 
might reverse the process — make the primary of a 
great length of fine, and the secondary of a few turns 
of stout, wire. The battery, in this case, will need to 
have a high E.M.F., in order to set up even a small 
current through the high resistance of the long coil. 
The setting up and the removal of the lines of force 
will then induce, in the Icw-rcsistance winding, a 
powerful current. 

As we have seen in a previous chapter, electrical 
energy consists of two factors — current and E.M.F. 
Hence the same amount of energy may consist of 
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these two factors in very difTcrent proportions, />., low 
E.M.F. and lar^e current, as in the ordinary arrange- 
ment of the primary of the induction coil, or I'icc 
vtrsdy as in the secondary ; but the energy repre- 
sented by the product of the two factors in the 
one circuit may be same as the similar product in 
the other. Theoretically, they should be equal ; but 
the induction coil is an inefficient form of transformer, 




Fig. 46. 

^nd the energy given out is much less than that 

put in. 
^^^' 46 gives the principle of a simple type of 

transformer — a ' slight modification of the ring of 

Faraday. A soft iron core of circular section carries 
two coils — P, the inducing or primary, and s, the 
secondary. Imagine a battery applied to p. A cer- 
tain number of magnetic lines are set up, and these 
find a complete circuit through the mass of the core. 
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The lines thus necessarily pass through the interior 
of the coil, s, and in so doing they set up an KM.F. 
therein : similarly, on breaking the primary circuit 
This " threading " is thus precisely the same action 
as the "cutting "of the lines by the armature con- 
ductois of the dynamo. 

Ratio between Primary and Secondary 
E.M.F.'s. — Suppose that both primary and se- 
condary coils arc of exactly the same kind and 
length of wire, and that each makes ten turns round 
the core. Suppose also that the most favourable 
conditions exist — as to quality of iron and many 
other factors — and that there is no loss in conversion, 
i.e., that the apparatus is perfect. The E.M.F. in 
the primary sets up a current therein of a certain 
value, and this, in its turn, sets up a certain number 
of magnetic lines. Under the above conditions, these 
lines, in threading the secondary, will induce therein j 
an E.M.F. of precisely equal value to the primary 
E.M.F. That is to say, when the number of turns in 
the two windings are alike, the induced E.M.F. is 
equal to the inducing E.M.F. Further, as the energy i 
in the one circuit is equal to that in the other, it 
follows that the two currents will be equal — that '% 
when the secondary circuit is closed and its resistance j 
at its lowest value. 

If the secondary has twenty turns, and the primary I 
ten, the magnetic lines will thread twice the lengthofj 
conductor, and the induced E.M.F. will be twice asj 
great. The secondary current then cannot excedj 
half the value of the primary current Or if tkj 
secondary has a hundred turns to the primary tttj 
the induced E.M.F. will be ten times as great, an'] 



CELL INSTALLATIONS. 69 

thq maximum current reduced to one- tenth, and so 
forth. If, on the other hand, the secondary has less 
turns than the primary, the induced E.M.F. will be 
less than the inducing, but the maximum current will 
be correspondingly increased. The relation, then, 
between the E.M.F.'s in th^ primary and secondary 
circuits is in direct proportion to the number of turns 
in the two windings. Transformers constructed to 
give out a higher E.M.F. than that put in are termed 
** step-up " transformers ; whilst those which give out 
a lower E.M.F. than that put in are " step-down." 

The conditions assumed, of course, do not obtain 
in practice. There is inevitably a loss in conversion. 
The transformer, however, is a remarkably efficient 
piece of apparatus — an efficiency as high as 97 or 98 
per cent, being obtained. 

Alternating Currents in Primary. —The 
induced E.M.F. is set up only when the primary is 
opened or closed. If, however, instead of taking off 
the battery (break), we simply reverse it, we shall 
practically double the primary E.M.F. — for the 
effects of the withdrawal of the battery and of joining 
it up in the reverse direction are additive. That is, 
-instead of varying from zero to (say) 10 volts 
positive, it will now vary from 10 volts positive to 
10 volts negative. The secondary E.M.F. thus set 
up will be correspondingly increased. The feeding 
of the primary by alternating currents is directly 
analogous to this reversal of the battery, the with- 
drawal of the magnetic lines being followed by their 
establishment in the opposite direction. The cycle 
then varies from a positive maximum, through zero, 
to a negative maximum, or equivalent to the cutting 
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of twice the actual number of lines of force, just as, i; 
the case of the battery, it is twice the actual E.M.K 
of the latter. 

Fig. 47 shows a transformer constructed by tb 
General Electric Company. This, like the simpl 
form of Fig. 46, is of the closed magnetic circuit type 
although, for mechanical reasons, the circular form ol 
core is departed from. Half the primary and lialj 
the secondary are w^ound an each iimb, the formei 
being next the core and the secondary outside. The 



r 





Fig. 47. 

core is laminated so as to be continuous in the direc^' 
tion of the magnetic lines, but broken in that of the 
eddy currents. The transformer thus constructed is 
generally placed in an iron case, as in Fig. 4S. 

Other types are the core or polar transformer and 
the sliell. In the former the magnetic circuit is not 
complete, being built on somewhat similar lines to 
the induction coiL In the shell type the iron is out- 
side, and encloses the windings, except their ex- 
tremities. One of this type is shown in Fig- 49. 
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Transformers for Continuous Cutrenta.^ 

The apparatus just described \s clearly only available 
for use with altcrnatm^ currents. But we may need 
a similar device for varyinij the factor*^ E and t when 
using direct currents. Suppose we desire to cncrgixe 
an experimental electro ~ magnet, rcquirin|^ two 
amperes and having a resistance of five ohms, and 
that a pubiic supply of direct current is available at 
300 voJts, To urge two amperes through our electro- 
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magnet we need ten volts. But the pressure of 200 
volts will urge this current throupjh 100 ohms, whilst 
our resistance is but five. Hence, if we use the public 
supply, we must insert a resistance of 95 ohms in 
circuit with our apparatus. Now, for constant use, 
this is a very wasteful arrangement, as we arc using 
2 X 200 = 400 watts, where w^c need only 2x10 = 
20 watts. Of course, the proper method is to wind 
the electro- magnet with finer wire, so as to need a 
smaller current. The \\vA\ resistance will then ?il 



72 



TELEGRAPH SECONDARY 



in with the hl.M.R at our dispoaah However, in the 
case we have assumed, the supply is unsuitable. For 
this purpose, thereforej it may be economical to use a 
mn tor-genera tor or motor-dynamo. 

Motor-Ghenerator. — This is simply a motor and 
a dynamo coupled toi^ethen For the above experi* 
mental purpose, the dynamo must be of such dimen^ 
sions and winding as to be capable of furnishing tlic 
required output, 2 amperes x lO volts ^ 20 watts, 




KiG. 49. 

when running at a certain speed. Assuming the 
efficiency to be So per cent., we shall need to put in 
20+5 -^ 25 watts ; or in other words, the motor 
which is to drive the generator must have an output 
of 25 watts when running at this particular speed 
With the same efficiency in the motor, we must 
supply the latter with 31*25 watts. But one factor 
the supply is already fixed, viz,, the K,M.F., which ** 
200 volts. Hence the current must be ^]^ = "i; 
ampere, and the winding must be arranged to m 
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The eflficieiicy of the cam bi nation is thus g^-^ = 64 
per cent. A ** dynamotor " h used for a similar 
purpose, and is a machine with a single field and 
single armature-core, but the latter has two windings, 
each of which is jcd to a separate commutator It h 
not» however, so flexible an arrangement as the 
motor-dynamo, in which both machines are entirely 
mdependent. 




Wc have considered these machines as continuous 
current transformers only, but it will be readily 
understood that a chan^^c may be required from 
alternating to direct, or 7fke versa. In the former 
ca-^c the motor, and in the latter the generator, will be 
an alternating current machine. For this purpose a 
'rotary converter'' is also used. This somewhat 
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resembles a dynamotor in that it is a single machine, 
having a single field in which a single-wound arma- 
ture rotates. This winding is connected to slip-rings 
on the alternate current (single or polyphase) side, 
and the same winding is connected at the usual points 
with a commutator on the direct current side. 

A General Electric motor- generator is illustrated 
in Fig. 50. This is used to transform from polyphase 
alternating to direct current. The generator, shown 
in the foreground, is an eight-pole machine, and is 
driven by a three phase induction motor. 



CHAPTER V. 

Ammeters and Voltmeters. 

AMMETERS and voltmeters, generally speaking, 
^ are low and high resistance galvanometers, 
graded to read in actual units of current and 
E.M.F. The reason for the low resistance of the 
one, and the high resistance of the other, is as fol- 
lows : To measure the current strength in any circuit 
the measuring instrument is placed directly in that 
circuit. If, then, the ammeter has considerable re- 
sistance, its introduction into the circuit will seriously 
cut down the current, so that we shall measure not 
the original current but a much diminished one. 
Hence the resistance of the ammeter is kept as low 
as possible, and, indeed, is generally inappreciable. 
On the other hand, when we measure E.M.F., or the 
difference of potential between two points, we insert 
the voltmeter across these points. If, for instance. 
We desire to know the P.D. across the terminals of a 
glowing^ incandescent lamp, we place the voltmeter 
across it — in parallel with it. Now, if the instrument 
were of low resistance, it would rob the lamp of some of 
its current, and this would cause an alteration in the 
P.D. at the lamp terminals. Therefore, the higher 
the resistance of the voltmeter the better — its intro- 
duction across any two points of a circuit then 
causing no appreciable variation in the P.D. it is 
desired to measure. 
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Types of these instruments are very numerous; 
but wc shall confine our attention to one or two 
makes in actual use in the battery and instrument 
rooms. One of these is the D'Arsonval type. The 
usual arrangements of a galvanometer are here re- 
versed — the magnetic field being stationary and tbt 
coil movable. This constitutes the D*Arsonval priu- 
ciple^ and is ap[ilied to both voltmeters and am- 
meters. 

** Stanley -D'Arsonvai;' Instruments.— A volt- 




ih.. 51- 
meter of this type, as manufactured by the General 
Electric Company^ is illustrated in Fig. 51 ; whilst 
Fig* 52 shows the instrument on a larger sca!e^ with 
the cover removed so as to expose the movement 
A large permanent magnet, of horse-shoe shape, has 
two pole-pieces attached to the inner faces of the 
poles. These pole- pieces are hollowed out lo form^ 
kind of incomplete tunnel in which a cylinder of soft 
iron is ^k^^. The diameter of the latter is less than 
that of the tunnel, and in the annular space thus 
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formed the cuil, pivoted as shown » is free to turn. 
The coil, rectangular in shape, is wound on a light 
metal frante, which forms a complete circuit for the 
eddy -currents ^^-^t up when the system moves. To 
this is due the ''dead-beat '* action of the iastrumeiU* 
When the coil turns, the eddy-currents circulating in 




the frame act as a kind of magnetic brake and cause 
the pointer to move steadily to the proper deflection 
instead of nvcrshooting^ the mark, and then vibrating 
for a sensible time before settling down to the par- 
ticular reading. The movable coil is kept in its zero 
position by two spiral springs fitted at the ends — 
one of which Is just visible above the front bridge- 
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piece of Fig. 52* Besides rurnishing the conlid 01 
the instrument, these spiinf^s serve to convey the 
current to the coil The iriovement of the latteninder 
the influence of a current will be easily understood. 
The lines of force set up in the coil tend to set them^ 
selves parallel with the lines of the field provided by 
the permanent magnet 

It is usual in these instruments to aiJow about a 
hundred ohms per volt to be measured ^that is, a 
voltmeter reading up to 100 volts will have a total 




resistance of 10,000 ohms. This is obtained by con 
necting a high resistance in series with the movini; 
coil. The scale is from from 20 to 140 volts. 

This instrument is also mounted in a wooden case 
to serve as a portable voltmeter, as in Fig. 53, 

The ammeter is practically identical with the volt- 
meter except that it has a lowr resistance shunt joined 
across the moving coil. The main ctirrent, therefore, 
passes through the .shunt, only a small portion going 
through the coiK This is an advautage, as the heavy 



i 



CELL INSTALLATIONS. 



W 



mms need nut be taken to tlic tnsttruincin itself^ 
Mn leads semng as the conneciitwi lietwccn the 
iimmetcr and it^ shunt. 

Cell -testers, — Ff^ 54 us a ' cell tc>Ki/ r^r voit- 
tueter for use with single secondar)" cells. Its jtero is* 
in the centre of the scale and extends to three volts 
on either side, Thi^ also is f)n the mciving*coil 
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principle, and ii made by Messrs, N alder Bros, and 
Thompson, 

Fig. 55 is a General Electric Company's pocket 
voltmeter, readuig from o to 5 vol Is — also intended 
for use with secondary cells- It will be seen that 
a point protrudes from the lower part of the case. 
This serves as one end of the coil, and is gently 
pressed upon one terminal or plate, whilst the peg 
with its connecting cord serves as the other contact. 
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Weston Instruments. — These also are cuih 
structcd on the niovttig-coil principle, and are deatlJ 



beat in acti 



V\gs^. 56 and 



able 



epresent a 
form of voltmeter and ammeter, whilst Kig. 58 shows 
the movement, much enlarged. 

The voltmeter here shown has two coils and two 
scales. The ends of the long coil are brought to the 
two front terminals, and its scale is graded from zerO" 




to 150 volts. The scale of the short coil is zero to 
15 volts. Its ends arc connected to the right-band 
terminal (which is therefore common to both coils) 
and to the upper terminal on the left, the latter being 
covered with rubber and engraved '* 15." The small 
press-button on the right is a contact key. Tk' 
circuit of both coils is normally broken, and the do 
pression of this button completes the circuit. 
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giving it a quarter-turn this connection can be per- 
manently closed. The auxiliary resistance is mounted 
n the base of the instrument. 

The ammeter will need no further description. 
The scale of this particular instrument is o to 25 am- 
peres, and the shunt, like the auxiliary resistance of 
the voltmeter, is enclosed in the base. 

Recording Instruments.— The voltmeters and 
ammeters just described indicate, of course, the vaiues 
of E.M.F, or current at a particular instant — they 
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Jive no indication of what these values have been. 

\n some cases, however, we need to know, not only 

the particular value reached by the current, but how 
long it has lasted, or how much electricity has passed, 
[For this pul-pose recording instruments are used. 

A recorder manufactured by Messrs, Elliott Bros. 
lis illustrated in Figs, 59 and 60, the latter being an 
hnside view. In the upper part of an iron case is a 

moving-coil galvanometer. The coil system, how- 
lever, carries a long arm hanging vertically down- 
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wards instead of the Lisual pointer. A current pa^i^ 
ing through the in,strument will move this arm to the 
right or left according to its direction. Occupying; 
the centre and lower portion of the case is a clock- 
work movement which propels forward a broad paper 
band ruled with faint lines parallel to its length, and 
also across the paper in an arc of a circle whose 
centre is the pivot of the hanging arm — that h, if 
the end of the arm were drawn quite across the paper 




band whilst the latter were stationary, it would 
describe one of these lines. The centre line parallel 
with the length of the paper is the zero line, and 
those on either side of it correspond to various 
strengths of current. The instrument illustrated is 
actually a recording voltmeter, but the recording 
arrangement is precisely the same for an ammeter* 
The paper travels downward at a uniforcn rate— the 
standard speed being one inch per hour; but other 
speeds are used for certain requirements. The end 
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of the vertical arm carries the recording" pen. con- 
sisting of a light nib hanging in a forked piece. The 
ciock runs for eight days, and is wound up by nneans 
of a lever movement at the right-hand side. Fig. 60 

£e clockwork being wound up. 



by the 
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instrument just described shows all the variations in 
the current, and its value at any particular time. To 
ascertain the total amount of electricity which has 
passed, it is necessary to integrate the curves traced on 
the moving band. Other instruments arc arranged to 
show only the total amount without reference to its 
varying values. Wright*s electrolytic meter is of this 
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class. The In.strumcnt, illustiMted in Figs. 6\ an^ 
62, U CO n.s true ted by the Reason MaiiufactuHnj 
Company, 




Fig. 59. 



A hermetically-scaled g^lass tube, with a belUshapd 
extcnsiDiij P, at its upper end, is filled with the elec 
troJjte— a solution of mercurous nitrate. The iippi 
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pSSion of the tube opens into this bell'Shaped re- 
I'ceptade, the edge of the former being sh'ghtly above 
the bottom of the latter, and in the annular space 




thus formedi the anode, A, of metallic mercury, lies. 
Fig. 62 is a side view of the apparatus taken out ol 
the case* Communicating with the receptacle is a 
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reservoir, P\ filled with mercury. This acts on the 






FiQ. 6i. Fig. 6«. 

t* btrd-fGun]laio " principle, and keeps the level of thfil 
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anode, A, constant The cathode, C, is a tube of 
platinum, open at both ends. 

When a current passes through the apparatus from 
A toe, the electrolyte is split up and metallic mer- 
cury is deposited on the cathode, from which it falls 
into the inner graduated tube, G. Fresh mercury, of 
course, dissolves from the anode, and keeps up the 
strength of the solution. The tube, G, is a siphon, 
which, when entirely filled, automatically empties 
itself into the outer tube, which also is provided with 
a scale, S. Thus the quantity of mercury in the outer 
tube and in G is a measure of the quantity of elec- 
tricity which has passed. 

A fine wire resistance is in series with the electro- 
lytic cell, and in parallel with the two is a short coil 
of stout wire — the ends of which can be seen on 
either side of the lower part of the case in Fig. 61. 
Thus only a small fraction of the total current passes 
through the electrolyte. 

The whole arrangement is suspended from the 
upper part of the case, and when the tubes, s and G, 
are entirely filled, the apparatus is simply inverted. 
The mercury then falls back into the receptacle and 
the reservoir, F, and the meter is ready for a fresh 
run. 



CHAPTER. VI; 

Evolution of Secondary Ceil. 

IN the primary cell we assemble certain materials 
— acid, zinc, etc. — having a strong chemical 
affinity for each other, and the arrangement is 
at once capable of furnishing current. In the 
secondary cell the materials used have, at the initial 
stage, no affinity for each other ; but on passing 
current through the cell the originally inert materials 
are replaced by new ones, between which chemical 
affinity exists. The cell is then ready to give out 
current. The difference, therefore, between the two, 
is that the primary yields electrical energy as soon as 
its constituents are assembled, whilst the secondary is 
unable to do this until current has been passed 
through it. Hence the name. 

Further, in the primary cell, when all the materials 
have been used up or have formed fresh compounds, 
it is necessary to mechanically re-charge it, by with- 
drawing the spent materials and products of the 
chemical action and substituting fresh ones. This 
involves the absolute taking-to-pieces of every cell, 
washing out, renewing zincs, scraping carbons, and 
replacing with fresh parts, acids, etc., unpleasant to 
handle. The secondary cell, on the other hand, is re- 
charged by simply passing current through k — as at 
the initial operation — in the reverse direction to the 
current given out. Thus the re-charging of the 
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primary is a mechanical, troublesome, and disagreeable 
operation, whilst that of the secondary is purely 
electrical, and is attended by no handling of the 
cells — the latter remaining absolutely untouched. 

Now, this difference is a very important one. To 
keep in working order the battery equipment of a large 
telegraph office having, say, a thousand primary cells, 
is a costly matter, both for labour and for fresh material. 
The labour, too, as we have seen, is of a dirty and 
unpleasant nature. The supersession of the primary 
battery by other methods for the supply of current is, 
therefore, in the natural order of things. 

In America the dynamo itself is largely employed, 
connected direct to the apparatus — separate machines 
being used for the different voltages. The advantages 
of this plan are obvious, especially if the dynamo is 
driven by a motor supplied with current from a public 
network. Instead of the dirty chemical means, we 
have a rotating machine, perfectly clean, occupying 
but a tithe of the space otherwise required, and all 
but noiseless. When the dynamo is engine-driven, of 
course, a little more dirt and some noise are generally 
inevitable, but the arrangement is still of great 
simplicity. The disadvantage is the possible stoppage 
of the generator, owing to any fault in the latter, or 
to the failure of the driving machinery, when all 
current is at once cut off. This is guarded against 
by the provision of spare machines. This method, 
however, of using the dynamo direct has not found 
favour in British telegraphy, but wherever primaries 
are discarded the secondary battery has been adopted. 
Assuming a dynamo to be necessary (/>., where the 
public supply is unsuitable), this plan, of course. 
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introduces a complication which is absent from the 
direct-coupling method, but it has the great advantage 
that it is not dependent on continuously- moving 
machinery. Further, if cells of even moderate size are 
used, their capacity is generally so considerable that 
a large margin is easily obtained. In practice, as far 
as the number of cells is concerned, about 45 per cent 
more are installed than are in actual use ; and these 
are thus available for charge, as we shall see later. 

The whole case of primaries v, secondaries is, of 
course, a matter of cost. In small offices the former 
are naturally the cheaper, whilst in very large ones 
the installing of the latter results in a very con- 
siderable saving. However, we are not concerned 
with this aspect of the question, and we will now 
consider the evolution of the secondary cell. 

Principle of Secondary Cell— Electrolysis. 
— The root of the electro-plating industry is the 
phenomenon of electrolysis, or electric analysis. 
Solutions of metallic salts are split up when a current 
of electricity is passed through them, the metal 
appearing at the pole or electrode by which the 
current leaves, and the other constituents of the solu- 
tion appearing at the electrode by which the current 
enters. The two electrodes are termed the kathode 
and the anode respectively, and the solution thus 
suffering decomposition is termed an electrolyte. 

One of the simplest instances of electrolysis is that 
,of copper sulphate. The anode must be of copper; 
the kathode may be of carbon or other conductor. 
Both electrodes may conveniently consist of strips of 
copper. These are immersed in a solution of the 
salt. On the passage of a current the liquid is 
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decomposed, metallic copper being deposited on the 
kathode, whilst the "sulphion" (SO J liberated at 
the anode combines with fresh metal from the latter. 
The anode thus dissolves away, whilst the other 
electrode increases in weight, the solution remaining 
at the same strength. Hence the necessity for an 
anode of the same metal as that deposited. 

Water is an electrolyte : being, however, a bad 
conductor, a little sulphuric acid is added to increase 
its conductivity. When such acidulated water is 
traversed by a current it is similarly split up into its 
constituent oxygen and hydrogen. When elements 
are thus set free — in their nascent ("just born") state 
— they have a much greater chemical activity than 
they possess later. The electrodes in this experiment 
therefore are of platinum, a metal having no affinity 
for either of the elements set free. The latter arc 
thus prevented from entering into combination with 
the electrodes, and oxygen rises from the anode (by 
which the current enters the solution) and hydrogen 
from the kathode. Both gases collect in tubes suit- 
ably inverted over the platinum strips. 

Now, after allowing the current to pass for some 
time, if we disconnect the battery and put in its place 
a suitable galvanometer we shall find that the electro- 
lytic apparatus is capable of acting as a battery. 
The decomposed gases recombine, and the act of 
recdmposition liberates electricity. We have, indeed, 
the converse operation of the first. In the first, elec- 
tricity was . absorbed in splitting up the electrolyte; 
in the second, the separated members re-unite and 
liberate electricity. Grove's "gas battery" is prac- 
tically identical with this apparatus. The resulting 



92 SECONDARY CELL INSTALLATIONS. 

effects are very slight, but very valuable from a 
theoretic point of view. It is indeed the germ of the 
"secondary" cell. The terms "accumulator" and 
" storage cell " are of rather doubtful value, as it is 
clearly to be seen that we do not accumulate or store 
electricity, but chemical energy. 

The earliest worker in this field was Plants. He 
however employed electrodes of lead, with which the 
liberated oxygen immediately combines. He also 
employed comparatively large plates, so as to offer 
an increased surface for action. The anode, there- 
fore, becomes covered with the peroxide of lead 
(Pb02) ; but the hydrogen appearing at the kathode 
— having no affinity for lead — is set free. After the 
charging current has been on for a certain time free 
oxygen gas begins to pour off the surface of the 
anode. This indicates that the plate is oxidised to 
its full extent and can take up no more. The ar- 
rangement will then act as a battery ccll^a current 
passing through the external circuit, from the anode 
to the kathode, or in the reverse direction to that 
taken by the charging current. The anode is better 
known as the positive, and the kathode as the ne- 
gative, plate. 

The effect, then, of a complete charge is to cover 
the positive plate with lead peroxide — the negative 
being unaffected and remaining plain lead. The 
effect of discharge is to partially deoxidise the positive 
and to partially oxidise the negative — both plates 
being brought to the same chemical state. 



CHAPTER VI I. 
Secondary Cells— General. 

Forming^. — The amount of electricity obtainable 
From a cell with plain lead plates, even if these are of 
a fair size, after a first charge is very small indeed, 
and quite useless for any practical purpose. With 
each charge, however, the capacity of such a cell 
increases. Hence, in order that the cells may have 
sufficient capacity for commercial use, the plates are 
" formed " by repeated chargings, the latter being 
given in alternate directions. The reason for the 
increased capacity is that the continued chemical 
action eats deeper and deeper into the positive plates, 
making them porous or spongy, and thus increasing 
their active surface. By reversing the charging cur- 
rent, both plates are equally affected. 

These repeated chargings, necessary to get the 
plates into such a condition as to give out a practical 
amount of electric energy, are very costly, and 
cheaper means have been sought to attain this end. 
A mechanical means consists in allowing a ve«^sel full 
of molten lead to cool down until the metal is about 
to solidify, when a hole is made in the vessel and a 
large amount of the still-liquid metal runs out. That 
remaining behind will be of a spongy nature, and is 
thus suitable for the purpose. Another (chemical) 
means is to treat the plates with a mixture of nitric 
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and sulphuric acids. This eats into the plates and 
gives a greater surface. 

PaBting. — Quite a different and a very successful 
method of preparing the plates is to paste them with 
the oxide of lead — as originally suggested by Faure. 
A stiff paste of red lead, Pb203, and sulphuric acid, 
is smeared over the surface of the plates and allowed 
to dry. To-day this method is employed with the 
positives, but litharge, the monoxide, PbO, is substi- 
tuted for use on the negatives. The charging current 
has thus to deal with material much looser in texture 
than solid lead. Thus, of a single molecule of water, 
one atom of oxygen released at the positive plate is 
now sufficient to produce two molecules of the per- 
oxide ; whilst the two atoms of hydrogen at the 
negative engage with the oxygen of a molecule of the 
monoxide, which is thus reduced to metallic lead. 
Plates thus made up, after a single charge, are ready 
for work without the preliminary " forming." The 
great difficulty, however, with plates of this type, is 
to get the paste to adhere. The whole surface was 
deeply scored, punched with holes, and otherwise 
roughened, in order to afford a grip for the paste, 
which when dry becomes brittle, contracts, and falls 
away. The plates now are " grids " or containing 
frames in which the paste is firmly held — the precise 
form to be described in a later chapter : sudi are 
termed Faure or pasted plates. Plates of the Plants 
or formed type are also used, generally for positives. 
The lead is then carefully selected and is made up 
into grids, so as to offer a large surface for action, 
but the formation of the grid is of a stouter and 
stronger type. These have the advantage of thorough 
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homogeneity and greater mechanical strength, and are 
therefore better adapted for rough usage, and can 
stand excessive overloads. 

Voltage. — The E.iyi.F. of the secondary cell is 
about 2 volts for any size. After a thorough 
charging, this rises as high as 2*5 volts, but speedily 
falls. The voltage then continues steady at 2 volts 
for all working purposes until the limit of its capacity 
is being reached, when the E.M.F. again falls. At 
about 1*9 the extreme limit is attained, and no further 
discharge should be taken. The voltmeter, there- 
fore, affords a ready indication of the condition of 
the cell. For use in making this test, a " cell-tester," 
or low-reading voltmeter, is employed. These in- 
struments usually have a central zero, with a scale 
indicating up to about 3 volts on either side, so that 
the direction of the current is immaterial. Such an 
instrument is described in Chapter V., and illustrated 
in Fig. 54. 

Specific Gravity — Hydrometer. — Another 

means of gauging the condition of the battery is by 

noting the specific gravity (sp. gr.) of the electrolyte. 

The sp. gr. of a liquid is the ratio of its weight to 

that of an equal volume of water. Thus, if a pint 

of fresh water has a weight denoted by i, and a pint 

of sea-water a weight of 1024, the sp. gr. of the 

ro24 
latter is — - — = 1024. Liquidmercuryhasasp.gr. 

of 13*6. This is equivalent to saying that sea-water 
is 1*024 times, and mercury just over thirteen and a 
half times, heavier than fresh water. The dilute acid 
used in the cells has a sp. gr, when the latter are 
properly charged, of about 1*210. When a fair dis* 
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charge has been drawn off, this falls to about i i/o, 
further discharge persisted in, the sp. gr. will fall s 



Fio. 63. 




FfG. 64. 



lower J but when this occurs we are injuring th 
cells. On charging, the sp. gr. again rises, 
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again on discharge. Hence the measure of the sp. 
gr. of the electrolyte is a very valuable indication of 
the state of the battery, and, together with the voltage, 
furnishes a ready index to what is going on. 
To measure the sp. gr. the hydrometer is used. 
The forms illustrated in Figs. 63 and 64 consist 
simply of a glass tube, narrow at the upper and en- 
larged at the lower part — the latter end being 
weighted. When the instrument is placed in any 
liquid, the lighter the latter the deeper the hydro- 
meter sinks, and vice versa. The weighting serves to 
keep the instrument upright. The narrow part 
carries a scale engraved as shown, "1000" being 
taken instead of " rooo," thus avoiding the fractional 
form. The scale in Fig. 63 is from 1050 to 1350, 
and that in Fig. 64, 11 50 to 1250. The latter limits 

(are quite wide enough, and give a more extended 
space for the intermediate values. Thus, when it is 
(desired to test the sp. gr. of any liquid, the hydro- 
meter is simply placed therein, and the degree of its 
submergence is then read off the scale. 
I Theory of Secondary Cell. — With electrodes 
of plain lead standing in pure water, the effect of 
charging is to liberate oxygen at one plate, with 
which it combines, and hydrogen at the other, whence 
it is given off. When fully charged, therefore, the 
positive plate is covered with lead peroxide Pb02, 
and the negative is plain lead. 

On discharge, the effects of electrolysis are re- 
versed, hydrogen appearing at the positive and 
oxygen at the negative plate. The former robs the 
peroxide of some of its oxygen, whilst the latter 
combines with the plain lead of the negative. When 

o 
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thoroughly discharged both electrodes are brought to 
the same condition. Thus the operations of charge 
and discharge would seem to consist in the transfer 
of oxygen from one plate to the other. 

This explanation, though not altogether incorrect, 
is incomplete. It assumes that the electrolyte is 
simple water, or that the acid present does no more 
than to increase its conductivity. It would appear, 
however, that during discharge, not only is oxygen 
carried to the negative plate, but that, the acid itself 
being broken up, the " sulphion " particles (SOa) 
unite with the lead of both plates ; whilst the 
hydrogen thus freed combines with the oxygen of 
the positive plate, which we have not yet accounted 
for. By the operation of discharging, then, both 
plates become coated with the normal lead sulphate 
(PbSOi), and water is formed — or rather, the elec- 
trolyte is robbed of some of its acid. The effect of 
the charging current is then to restore the sulphion 
to the liquid, which sulphion engages with the 
hydrogen of the water, re-forming sulphuric acid, the 
oxygen going to peroxidise the positive plate. This 
is borne out by the fact that during discharge the 
electrolyte becomes more dilute — />., has less acid, as 
shown by the falling of its density, and that the effect 
of charge is to cause the density to rise, by the addi- 
tion of the acid thus re-formed. 

Sulphating. — As we have seen, the normal effect 
of discharge is to produce lead sulphate on both 
positive and negative plates, and that of chai^ to 
change this to lead peroxide and pl^in lead respec- 
tively. If a battery is repeatedly subjected to pro- 
longed over-discharge or insufficient charge, patches 
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of a white substance appear on the surface of the 
plates. Tills is the effect known as " sulphating/' 
and is always tlie sign of improper or careless treat- 
ment. The white patches are an abnormal sulphate 
of lead, hard and insoluble. The normal sulphate 
formed on discharge not having been cleared off 
(charging not being sufficiently prolonged), it appears 
to alter its composition somewhat, and to change into 
the obstinate variety, which strongly resists the action 
of the succeeding charging current. To prevent ihe 
formation of this sulphate, over-discharge should be 
carefully guarded against, and cells should not be 
allowed to stand idle for long periods unless fully 
charged. The remedy for sulphating, where it has 
set in, is prolonged over-charge, so as to break down 
the troubksome compound. 

Buckling. — The effect of sulphating is to insulate 
those portions of the plate where it appears. The 
whole surface of the affected plate does not then 
equally share in the work, and varying current 
densities are set up in different regions of the plate. 
This causes the latter to warp or buckle. The pellets 
of paste in the neighbourhood of the bending are thus 
loosened, and are liable to project beyond the surface 
of the grid, and in time either bridge over adjacent 
plates— setting up a short-circuit — or to fall between 
them. Slight buckling may also be due to variation 
or want of homogeneity in the structure of the plate 
itself. The grids are always placed with their lower 
edges well above the base of the cell, so that de- 
tached pellets may fall to the bottom and thus do no 
harm. Excessive charge and discharge are fruitful 
causes of buckling, and should therefore be avoided. 
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Capacity ; Efficiency. — I'he capacity of a cell is 
expressed in ampere-hours, or the product of the cur- 
rent into the time it lasts. Thus one capable of fur- 
nishing 20 amperes for 10 hours, or 40 amperes for 
5 hours, has a capacity of 200 ampere-hours. Cells, 
however, do not give the same capacity at all rates 
of discharge. There is for each size a certain value of 
current which will give the maximum capacity, and 
the more the discharge current exceeds this value the 
less the capacity. Similarly with charge, there is a 
certain rate at which the product of the current and 
the time will be the least. A feeble current or a dis- 
proportionately powerful one is uneconomical. 

The ratio of discharge to charge (ampere-hours) is 
the efficiency of the cell. Under the best conditions 
it does not exceed 60 or 70 per cent. The secondary 
battery is therefore by no means an efficient piece of 
apparatus. 



CHAPTER VIII. 

Some Types of Cell. 

THE cells in use for telegraph installations set 
up during the last few years are those of the 
Hart Company, of Stratford, E. The follow- 
ing is, therefore, mainly devoted to a description of 
these. However, as other makes have been and are 
employed in older installations, and for various other 
purposes, in the telegraph service, short descriptions 
are added of the cells manufactured by the Chloride 
Electrical Storage Company, and by the Electrical 
Power Storage Company. 

Hart Cells : Construction of Plates. — 
These plates are of the Faure or pasted type. The 
lead for the grids is carefully purified and refined to 
ensure the absence of impurities which, in the work- 
ing of the cell, would soon manifest themselves in 
rapid deterioration of the battery. The oxides used 
for the paste are specially prepared, so that the latter 
is of such a nature that, whilst taking a firm hold of 
the plate, it still has the required degree of porosity 
to ensure free circulation of the electrolyte into the 
interior of the plate. Fig. 65 gives details of the 
grids. In the upper left hand is a portion of an 
unpasted negative — the piece measuring about 3 ins. 
by 3^ ins., and beneath this is a smaller piece, of un- 
pasted positive. It will be seen that each of these 
is broken in two ; the left-hand portions represent 
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the grids as they appear in the first stage, and the 
right-hand portions as they appear later On the , 
extreni'e ri'rht are two sections, X and Y, of thei 
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Fig. 65. -Details of JIaut Co.'s Plates. 

negative, taken through AB and C D respectively, and 
one, Z, of the positive grid M 

The main framework of the negative consists of » 
number of vertical nbs, shaded (not black) in tbc 
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figure, and horizontal ones at top and bottom. 
Across the vertical ribs is a series of thin lead strips 
or shelves, forming, with the stouter upright ribs, an 
extended grid- iron arrangement. Between adjacent 
shelves, or horizontal strips, are the spaces for the 
insertion of the paste. To provide additional strength 
to the structure, another vertical strip is inserted 
between each vertical pair. These added strips, 
shown in black, do not extend from face to face of 
the plate, but simply form a central portion or web. 
In the regions of the corners of the plate similar 
strips are placed obliquely, as shown. The right- 
hand portion of the plates illustrate the method 
employed to keep the paste in position. The need 
for some such device will be apparent after a little 
consideration. Imagine the spaces in the left-hand 
portion to be filled with paste ; the latter, on drying 
and hardening, tends to contract slightly. Hence 
each pellet of paste, occupying a position between 
two of the "shelves," is liable to loosen slightly, 
and thus to some extent quit its hold of the metal 
of the grid. If the enti-re pellet becomes loose it 
will be held by the central vertical rib alone. If the 
pellet keeps in one piece it will remain in position ; 
but this is by no means to be depended on, for the 
pellet is weakest at the central region by reason of 
its being pierced by the central rib. It will, therefore 
probably break in halves, and the slightest movement 
will cause both pieces to fall out. To prevent this, 
the following plan is adopted : Immediately after the 
grid has been pasted, and the apertures thus filled, 
the complete plate is subjected to a rolling pressure, 
applied (in reference to the figure) from the bottom 
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of the plate, upwards. The result is, that the thin 
horizontal strips, or shelves, on both sides of the 
grid are bent upwards. The cavities, therefore, in- 
stead of having a rectangular section, are curved, so 
that it is impossible for the paste to escape. The 




Fig. 66. — Hart Co.'s Plates and Connectors. 



compression, too, forces paste and metal into thorough 
and intimate contact, so that the dry and finished 
plate appears to the eye one compact and solid mass. 
The bending over of the edges is shown in the right- 
hand portions of Fig. 65, and the enlarged section, Y, 
indicates the altered shape of the cavities, 
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The positive grid is similar, to the negative, but is 
sh'ghtly thicker and much stronger. The black inner 
strips which strengthen the negative are'extended to 
form a continuous web at the central region of the 
positive, as indicated by the full black spaces, and by 
the enlarged section, Z. After pasting, the rolling 
process is applied and the edges of the horizontal 
strips bent over, as in the case of the other plate. 

It will readily be seen that, in addition to the 
paste, there is a large surface of lead itself exposed. 
Hence, for the first few charges, there is a Plants 
effect — that is, the capacity of the cell increases as 
peroxide is formed on this exposed surface. 

Two types of cell, the " T " (or traction type) and 
the " S," are installed for telegraph purposes ; and 
by the employment of varying numbers of plates, 
cells of five different capacities are obtained : two 
of the S type, of 18 and 27 ampere-hours, and three 
of the T,of 45, 72, and 90 ampere-hours. These are 
all in glass boxes. Fig. 66 shows the dimensions and 
other details of the plates employed in the two types 
of cell, also the means by which the different cells are 
coupled together. 

Hart T-Type Cells.— One of these is illustrated 
in Fig. 67, The plates measure approximately 5I 
inches wide by 7^ inches high, and each is furnished 
with two projecting lugs, one on either side — and by 
means of these the plates are supported. Following 
the usual practice, there is one negative in excess of 
the positive plates : so that the outer ones are 
always negative and the total an odd number, 5 plates 
forming the 45 ampere-hour size, 7 the 72, and 9 the 
50 ampere-bpur size. AH the positives are united tg 



to6 



TELEGRAPH SECONDARY 



form a set by a stout lead ** bus- bar" on to which the 
plates are cast or melted, and similarly with the 
negatives. ThuSj in a 7-plate cell, the three positives 
are all connected together by this means, and the 
connecting-bar carries a lug for terminal purposes. 
ThiH \ug is '* burned '* on to the bus-bar by means of 




Fig. fiy.—HAET T-Tifh: Cbll, 



the oxy-hydro^en flame. The three plates, the bar, 
and the lu^, thus form the positive section. The four 
negatives are sfmtlarly joined^ and with their bar and 
lug form the negative section. The two bus-bars of 
each cell are painted red and black to denote the 
positive and the negative respectively. 

The projecting lugs at the .sides of the plates r^t 
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on two sheets of glass which are stood on edge inside 
the glass box itself. On the floor of the latter a 
square wooden frame is placed t ^nd the glass sheets 
are stood on end in a couple of saw-cuts in two parallel 
sides of the frame. The other two sides each carry 
two upright wooden pieces, and these latter are 
united across the top of the plates by two horizontal 
pieces. All this wood-work is, of course^ previously 
soaked in paraffin wax, or otherwise rendered im^ 
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pervious to the action of the acid. The whole of the 
plates, frame, and upper cross-pieces, arc thus beneath 
the surface of the electrolyte, which is indicated m 
Fig. 66 by the dotted line above the plate. 

The plates arc kept apart from each other by 
means of long inverted U-shaped pieces of ebonite, 
two or three of these separators being placed astride 
each positive, thus keeping the adjacent negatives 
from touching it. Fig. GS shows the positive and 
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negative sections, with the supporting wooden frame 
and glaiis slabs ready for placing in the containinf 
vessel* The latter, of best white moulded glass, is 
about 1 1 inches high and 7f inches wide — -the var}Hng 
widths for the three sizes being 4^, 4|^, and 6| inches 
approximately. Each complete cell is then mounted 
in a pine- wood tray, the latter having a layer of saw- 
dust on which the glass box beds nicely ; and each 
tray, in its turn, is supported on three **mushrooni" 
or glass fluid insulators, illustrated in Figs. 6g and ;a 
Each of these consists of two parts — a lower, which 
has an annular hollow, and an upper, which stands in 
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the hollow of the base. This hollow is filled with 
vaseline oil : any leakage from the cell must therefore 
pass over the whole surface of the glass insulator and 
also across the insulating oil ■ 

Hart non-oorrosive TerminaL— To connect 1 
cells together, the positive lug of one is brought to » 
the negative lug of the next, and good metallic con-B 
tact made between them. To secure such contact, 1 
however, is not an altogether simple matter The 
internal resistance of the cells being very low indeed, I 
it is important that no serious resistance shall bej 
inserted in the connections. An ordinary metal screw 
germinal would be very convenient for coupling] 
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and uncoupling, but there is great danger of setting 
up at the points of contact a series of resistances 
which in their total amount shall be very appreciable. 
Such a connection, too, if made of ordinary metal, 
will speedily be corroded by the acid funries and 
spray. A solid burned joint is probably the best 
method, as is employed between the plates of a 
section and their bus-bar. To disconnect such a 
joint, however, is a serious matter. 

For connecting their cells together the Hart Com- 
pany use their patent non-corrosive terminal, illus- 
trated in Fig. 66. This fitting is a taper bolt and nut, 
and the holes in the lugs are tapered also. The bolt, 
nut, lugs — and, indeed, the entire bus-bars — are of a 
special lead alloy which is entirely unaffected by the 
acid or acid fumes. In making a connection the 
surfaces of the lugs are brought together flat, and a 
"master-connector" used to draw them into good 
contact This master-connector is a bolt and nut 
like the other, but is of gun-metal — the non-corrosive 
alloy being too soft to allow of any great strain being 
placed on the thread. When the lugs are thus 
drawn tightly together, the master-connector is with- 
drawn and the ordinary one substituted for it. The 
taper shape of the bolt ensures a good connection 
with the lugs by means of the contact with the inside 
of the hole — in addition to the contact between the 
flat faces of the lugs themselves. As the material is 
unaffected by the acid, it is unnecessary to paint it, 
or indeed any metallic part of the^ cells, with vaseline 
or other acid-proof compound. The Company claim 
for this fitting all the advantages — without any of the 
disadvantages — of a lead-burned joint. 
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Hart S^type OeUs.— One of these is 
Fig, 7K The maiti point <'f diflerciice between tl 
type and that previously described is in the mann 
of .supportinfj the plates. The latter, shaped as 
Fig, 66, and niea.'^uring approximately 4 ins. by4ifl 
are furnished with extensions which form hooks 
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their sides, and by means of these hooks the pi 
are hung from the edges of the glass boxes th 
selves. The wooden framework and glass- suppor 
slabs are thus dispensed with. On each plate or 
the lugs is extended and eonnected to the bus- 
Five plates, mounted in a cell, form the iS^ and si 
plates the 27 ampere-hour size. The glass-con' 
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ing boxes are about 6| jns, hh^h and 5 ins, long j 
the widths for the two sizes being 2^ ins. rind 2| Ins. 
approximately. 

These small cells do not have separate trays, but 
five or six are mounted in a single tray, which is, 
supported on six insulators. Such a five-cell set is 
shown in Fi^. 72. 

For connecting together these small cells a sh'ghtly 
different fi ttinfj is used to that already described (sec 
Fig. 66 J. The taper bolt of the latter is replaced by 
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a stud carrying a brass screw, which enters a rather, 
long nut, the tapped hole in which is not drilled 
through, A couple of washers complete the fitting. 
When the connector is tightened up^ the brass screw 
is entirely covered ; and as all the rest of the fitting 
is of the non-corrosive alloy, no painting with acid- 
proof paint, etc., is necessary. 

The following table gives the charging and dis- 
charging current and other details of the different 
cells : — 



I 



Hi TELBGRAPH SECONDARY 

Hart Cells. 

" S " type. Plates, 4''x 4" approx. 



Capacity. 
Ampere- 
hours. 

18 

27 


No. of 
Plates. 


Charging 
Current. 
Amperes. 


Maximum 

Discharging 

Current. 

Amperes. 

2-6 
4 


Glass Boxes. 
Approximate Dimensions. 


Height. 


Length. | Width. 


5 
7 


I to 26 

2 to 4 


6r 






" T " type. Plates, 5 J" wide x jV l^igh, approx. j 


45 
72 
90 


5 
7 
9 


6 

9 
12 


7 
II 

15 


nr 


7r 

)9 


41' ' 



Chloride Cells. — The positive of these cells are 
of the Plantc type, and of rather novel construction. 
A plate of special lead mixture has cast in it as 
many large circular holes as it will contain. These 
holes, about an inch in diameter, are countersunk on 
both sides, and serve to contain " rosettes " of lead 
tape. The tape, or ribbon, about \ in. wide, is first 
*' gimped " or corrugated at right angles to its length, 
and then rolled into small coils about i in. in diameter 
and inserted into the holes in the plate. The effect 
of the corrugations is, that between contiguous layers 
there is a series of interstices, thus exposing a large 
surface, and allowing the electrolyte free passage 
quite through the plate. The ribbon is simply plain 
lead, and the plate thus prepared is " formed " elec- 
trically. A complete pair of plates i^ illustrated in 

Fig. 73. 

The construction of the negative plate was ori- 
ginally somewhat similar to that of the positive— 
** buttons " of lead chloride being carried by suitable 
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orations in a lead plate. By suitable processes 
e buttons were reduced to metallic lead of a very 
igy character. It is to this employment of the 
^e of lead that the name of the cell — ^and that 
tie makers, the Chloride Electrical Storage Com* 
— is derived. 
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The present negative is a pasted plate, known as 
'*Exide'* type. The grid consists of thin ver- 
d ribs, the edges of which are flush with the faces 
the plate. These ribs are connected by small 
izontal bars of triangular cross-section, the base 
the triangle being at the face of ihc plate. The 
*s are not sufficiently wide to extend from side 
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to side of the plate, but are placed on both sid 
those on the one side being " staggered " with the 
on the other The active material between each pairl 
of vertical ribs therefore forms a continuous pencil, of 
rectangular cross-section, extending from the top to 
the bottom of the plate 

An R G-typc cell, with five plates, measuring 
by 4^Mns., has a capacity of about 14^ ampere-hours. 




Fl G. 74 . — " C H LCM I li K I'Wl CK Li.. 

Fig. 74 illustrates a small cell manufactured by thi* 
Company for a special telegraphic use. A negative 
and a positive plate are permanently united by a lead 
strip, in the same manner as the zinc and copper 
plates of an ordinary Daniell battery, are issued 
The positive is placed in one cell and the negative 
in the next ; the positive of a second pair being 
placed in the latter, and so on. The usual plan 
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having a negative plate in excess of the number of 
the positives is, therefore, departed from — this being a 
two-plate cell. The plates measure 3f ins. by 4f ins., 
and the cell has a capacity of five ampere-hours. The 
plates are separated from each other by a sheet of 
perforated ebonite. Five of these small cells are 
mounted in a single tray — each alternate glass box 
having a pair of indiarubber rings round it to pre- 
vent surface leakage. These are plainly shown in 
the figure. This is the EgT-type cell. The charging 
rate is about 75 ampere, and the discharge rate 
can be as high as i '$ amperes for three hours. 

E.P.S. Cells.— The cell supplied by the Electrical 
Power Storage Company for telegraph purposes is 
their K or high-discharge type. The plates, both 
positive and negative, are of the pasted or Faure 
type, and measure approximately g\ ins. in length by 
8 J ins. in height. 

The positive grid is a stout lead casting, consisting 
of a central plate with a series of horizontal ledges or 
"shelves'' on both sides. The ledges are inclined 
upwards, so as to keep the paste in position. The 
finished plate is about -^\r\. thick. The negative 
grid is much lighter and only i^in. thick. The cast- 
ing is really a set of thin vertical ribs Jin. apart, 
crossed by a similar set of horizontal ribs, also placed 
\ in. apart. We have thus a grating with square 
holes. As all the ribs are chamfered, the holes are 
largest at the surface of the plate (on both sides) and 
diminish at the centre. Hence the paste in each hole 
forms a pellet which is larger on its two faces than 
at its central region ; it therefore cannot come out. 

Fig. 75 shows a K-type cell. It actually has ^^ 
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plates, but the 2 3 -plate cell is the largest in tele- 
graphic use. Each of the negative plates is furnished 
with a couple of feet at the bottom corners, and these 
feet are burnt on to a pair of bus-bars running the 
whole length of the base of the cell, The two bars 
are united at the left, as can be seen in the figure, and j 
the common strip is brought up out of the cell to 
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form the negative terminal. The upper corners 
the plates are also connected by other lead bars, c 
of which is visible in the illustration. The negative 
section thus forms a complete structure, the plates 
being connected together at the four corners of eachj 




the whole standing on the bus -bars beneath. 

The positive plates, slightly smaller than the nega- 
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tives, also have a pair of bus-bars to which they are 
connected and from which they hang. These are 
seen running across the top of the cell. They arc 
united at the right to form the positive terminal. 
The positive section is thus suppcrted, by means of 
its bus-bars, on the upper edges of the negative plates. 
On each of the latter, therefore, is placed a pair of 
ebonite saddles on which the positive bars rest 

The plates are kept apart from each other by 
ebonite forks, three of which arc placed astride each 
positive plate in suitable notches in its upper edge. 

The capacities of the three sizes in use, with 7, 15, 
and 23 plates, under normal rates of discharge, arc 
lOj, 245, and 385 ampere-hours. 



CHAPTER IX. 

Equipment of Battery and Instrument 
Rooms. 

THE standard installation for an office consists of 
208 cells divided into two parts — main and 
local — the former serving the lines of greatest 
and medium length, and the latter ihe short lines and 
the local circuits of the relays — />., actuating the 
sounders. They are, of course, used on the universal 
principle, but with the following modification. In 
universal working with primaries the whole battery is 
equally employed in supplying both the longest and 
the shortest lines, the resistance of the latter being 
brought up to that of the former by means of resist- 
ance coils. With secondaries, the whole battery is 
not equally in use, but taps are taken from various 
points so as to avoid the use of an unnecessarily high 
voltage, to be subsequently cut down by artificial re- 
sistance. 

For the main battery 160, and for the local 48, Hart 
cells of suitable capacity are provided. The taps on 
the main set arc arranged so as to give 40, 80, and 
120 volts positive, and 40, 80, and 120 volts negative. 
The locals give 24 volts positive and 24 negative. 
Evidently these voltages do not require all the cells 
we have mentioned, and the diagram Fig. 'j6 will ex- 
plain how the cells are allotted. The 80 on the 
negative (main) side are divided by the taps into 
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four sets of 20 cells each. Thus, with the last 

positive pole to earth the negative pole of this set 

gives 40 volts. The similar pole of the next set gives 

So volts negative, and that of the third 120 volts 

negative. The fourth set is idle for charging. On 

the positive side three similar voltages are obtained, 

and the fourth set is also available for charge. The 

48 local cells are divided up into four sets of 12 cells 

each: one set to give 24 volts negative, a second to 



NEGATIVC 
120 80 40 



POSITl^^e 



40 80 



120 

VOCTS 



NCCATIVC FOSITIVe 
24 24 



4 4 



Hi^rtilfl* 



20 20 20 20 

> V ' 

80 CELLS ^ 



2 



20 20 20 20 
SOCELLS 




MAIN BATTCRieS 
160 CELLS 



LOCAL BATTERIES 
48 CELLS 



Fig. 761 



give 24 volts positive, and two for charge. Thus four 
sets, two of 20 cells each, and two of 12 each, are idle 
for charging purposes, whilst the others are at work 
or discharging. 

"RsLOks. — Fig. yy shows how the cells are mounted 
on the racks. A framev/ork of deal or pitch-pine, 
4 ft. 3 ins. high by 2 ft. 3 ins. wide, and of varying 
length, supports the bearers, BB, on which the cells 
are placed, the whole being well covered with shellac 
varnish or other acid-proof covering. The bearers 
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for the T-type arc 3 ins. by a^ins., and the upper 








surface has a continuous groove cut in it in which th^ 
bases of the mushroom insulators rest. In the cas< 
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of the S-type cells the bearers are 6 ins. by 3 ins., and 
are placed with their greater dimension horizontal. 
A single bearer is then wide enough to take two 
grooves, and thus entirely support each tray. The 
racks have two tiers, and each tier carries two rows of 
cells. The comparative widths, etc., of the cells can 
be seen from this figure. The 18 and 27 ampere-hour 
trays are shown containing six cells: this is when the 
latter are used for local batteries — two trays then 
form a local " set" When used for mains they are 
mounted in slightly shorter trays containing five cells 
— four trays then make up a main set of 20. The 
leads from the positive and negative terminals of each 
set are taken, in the grooved casing shown, to the 
battery room cabinet, a 2S-ampere "fibre-tube" fuse 
being included in each lead and placed between the 
terminal of the cell and the entrance of the cable into 
the casing. 

Equalising of Load— Charging.— Now, con- 
sidering the mains, when 120 volts are required, sets 
No. 2, 3, and 4 (positive or negative) are in use ; 
when 80 volts are required Nos. 3 and 4 are engaged ; 
and when 40 volts are in use set No. 4 only is at 
work. Thus set No. 2 will be worked least, No. 3 
will be worked harder, and No. 4 hardest of all. 
Hence, if (say) all the positive portion of the battery, 
consisting of sets Nos. 2, 3, and 4, be charged together, 
No. 2 will be satisfied before No. 3, and both before 
No. 4. To avoid this, each set of 20 cells is shifted 
daily so as to occupy all four positions in turn. In 
the position shown in Fig. 76 No. i sets (positive and 
negative) are available for charge, and the positions 
of the others we have already pointed out. The next 
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day, taking the negative side, the whole four set** are 
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shifted one step to the left This brings No, 2 into] 
the charging position, No. 3 into that of lightest, No. 
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into that of medium, and No. i (charged the day 




Fig. 79. 

before) into the position of heaviest load. On the 
next and succeeding days the movement to the left is 
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continued, so that in the complete cycle each set is 
worked equally and then placed under charge. This 
daily shifting is effected by means of two 4-position 
rotary switches on the battery room cabinet, to be 
described later. In the case of the locals, since there 
is but one voltage (positive and negative) in use, this 
shifting is unnecessary. The changing of the two 
active with the two idle sets is effected daily by 
means of other switches on the cabinet. 

For charging purposes the two idle local sets of 
12 cells are placed in series with each other. This 
24-cell battery, and the two idle main sets (20 cells 
each), are then placed in parallel. Obviously, such 
an arrangement as this would result in the two20-ccll 
sets getting more current than the 24-cell set. Hence 
each of the former has a resistance placed in series 
with it, so that the charging current in all three sets 
shall be the same — assuming that the local and main 
cells are of the same capacity. This grouping is all 
done by means of the switches on the cabinet, which 
latter will be described in the next section. 

Battery Room Cabinet. — Fig. 78 is a front, 
and Fig. 79 a rear view of this with the back re- 
moved, and Fig. 80 gives the connections. On the 
left side of the cabinet are two tablets to which arc 
brought the main sets : the four positives to the 
upper tablet, and the four negatives to the lower. 
Included in the circuit of each set is an ammeter 
switch. This is normally closed ; but when it is de- 
sired to measure the current flowing through the 
lead of any particular voltage, the ammeter can be 
plugged across the switch by means of a pair of pegs 
connected by a flexible cord, and the switch then 
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opened. These details can best be gathered from 
Figs. 80 and 83. 

The right-hand side of the cabinet carries three 
tablets. On the centre one are mounted four double- 
pole two-position switches, which control the four 12- 
cell local sets. These are the " local switches." Each 
consists of two brass strips pivoted at one end and 
united at the other by a cross-bar of ebonite, which 
carries the handle. The contacts are formed of 
springy strips of phosphor-bronze, so bent that the 
two ends nearly meet. When, therefore, the switch 
lever is forced in between them, a good rubbing con- 
tact is made. Further, the fittings on which the 
levers are pivoted each carries a similar contact, so 
that the pivoting itself is not depended on for a 
connection. The battery leads are brought to the 
levers. When in the upper position each switch 
puts one pole of the battery to earth, and the other 
pole through to the instrument room, through an 
ammeter switch. Two sets — one positive and one 
negative — are thus put through. The other two 
switches are placed in the down position, and the 
two batteries attached to them are then ready for 
charge. It will be seen (Fig. 80) that the dynamo 
negative lead is joined permanently to the left-hand 
lower contacts of the two negative switches, and the 
dynamo positive lead to the right-hand lower con- 
tacts of the positive switches. The other two pairs 
of lower contacts are connected to the local charging 
switch. When the latter is closed the two idle 
batteries are put in series ready for charge. 

The upper panel on the right-hand side carries this 
local charging switch — the two ammeter switches 
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before-mentioned — and a voltmeter and ammeter of 
the D'Arsonval type. The voltmeter reads from o to 
150 volts, and the ammeter o to 50 amperes. In 
many cases the latter instrument has another shunt 
combined with the normal one ; so that by using a 
third test-hole (not shown in Fig.. 80) the sensibility 
of the ammeter is increased tenfold — a deflection of 
25 indicating a current of 2*5 amperes. 

The lower panel on this side carries the two main- 
charging switches. The two 20-cell main sets avail- 
able for charge — one positive and one negative — are 
brought through the rotary switches to the points 
marked " dynamo " in Fig. 80. The positive leads 
are brought thence, each through a bare wire resist- 
ance, to the right-hand contacts of the charging 
switches, and the negative leads to the left-hand con- 
tacts. The levers themselves are permanently con- 
nected to the dynamo leads : hence the closing of 
these switches places the two sets in parallel and 
under charge. 

JRotary Switches. — At the back of the left-hand 
tablets two barrel* or rotary switches are mounted, 
seen on the right in Fig. 79. One is also shown 
separately in the upper part of Fig. 8r. A wrought- 
iron cylinder or barrel, by means of suitable end-pieces, 
is carried in bearings, so as to be capable of rotation. 
On this is mounted a series of gun-metal rings with 
wide flanges. These are of two kinds : one a com- 
plete ring, and the other cut away so as to form four 
segments. These are illustrated on a larger scale in 
Fig. 82, showing front and side elevation. On the 
iron barrel complete rings and segmental ones alter- 
nate with each other, as in Fig. 81, The former are 
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lettered A, B, etc., to ii, and, reckoning from the left, 
constitute the second^ the fourth, sixth, ctc.^ of the 
complete series. The incomplete or segmental rings 
form the first, thirds etc., of the series. An end view of 
the switch is shown in Fig. 83, which is a section of 
(say) the upper left-hand tablet The switch, etc, is, 




Fig. 81, 



p* 



4i|i 



i. 



mounted at the back of this, and an ammeter switch^ 
etc, on the front The first segmental ring is, of] 
course, fully seen — marked A, C, E, G, and in between ' 
the segments of this are seen portions of the full ring 
A. Now, in the position shown, the segment A is j 
embraced by the brush ^, and the complete ring A by 
the brush ^» These brushes are of phosphor-bronze 
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and are double — that is, a set of blades presses on 

one side of the ring and another set presses on the 

other side, both sets uniting at the root of the fitting 

z, ' Similarly with ^. Each ring and each set of 

segments is screwed to the wrought-iron barrel, as 

indicated in Fig. 82, but is insulated therefrom by a 

ring of fibre. The latter is shown black in this and 

other figures, whilst the inner shaded portion is the 

barrel itself. Now, each complete ring is connected 

to four segments — that is, to a single segment of 

each of four sets — by means of insulated wire running 




Fig. 82. 




through the interior of the barrel. Thus, ring A is 
connected with a segment on the first, fifth, ninth, 
and thirteenth sets. B is likewise connected to a 
segment on the third, seventh, eleventh, and fifteenth 
sets. Hence, in the diagrams, wherever a segment 
and a ring bear similar letters, they are electrically 
connected. 

Returning to Fig. 83, s is one of the upper series of 
rectangular brass pieces on the front of the positive 
main tablet, and is in metallic connection with the 
brush s and the connector/", to which the instrument 
room lead is soldered. The piece p is one of the 

\ 
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lower series of brass pieces on the same tablet 
Alternate pieces on this row carry the upper contacts 
(tcst'holes) of the ammeter switches. The piece/ is 
connected with the brush ^, The fitting // is siniikrly 



TO /NSK HQOm 




TO SATT^fir 



Fig. S> 



connected with g, and carries the lower contact of the 
ammeter switch w, the brass lever of which is also 
pivoted thereon. To the connector g the battery 
lead is soldered. With the switch in position 4, as 



CELL INSTALLATIONS. i3t 

shown in Fig. 83, then, the battery being connected 
to ^ the switch w puts it through hy p to the brush q ; 
thence to the complete ring A, and by the internal 
connections of the switch to segment marked A in the 
first set ; thence by brush z and connector / to the 
instrument room lead. The lower part of Fig. 81 
shows diagrammatically the segments and rings of 
the barrel laid out flat, so that the whole can be seen 
at a glance. The switch is in position 4. The arrow 
indicates the direction in which the barrel is turned, 
the brushes of course being stationary. Battery No. I 
is connected to the first pair of the lower row of 
brushes, and thus to rings A and B. The segments A 
and B on the first and third sets are in contact with 
the first pair of brushes on the upper row. The 
positive pole of set No. i thus serves as the 120- volt 
lead, and those of Nos. 2 and 3 as the 80 and 40-volt 
leads respectively ; whilst No. 4 is under charge. 
Now, when the switch is moved forward one step, or 
90^ (to position i), the segments C and D on the first 
and third sets come into contact with the first pair of 
upper brushes. Battery No. 2 being connected to 
rings C and D, its positive pole now serves as the 120- 
volt lead. Similarly with the others. The four 
positions of the switch are given in Fig. 84. 

It will be seen from Fig. 81 that the segments of 
sets I and 3 are parallel with each other in the 
direction of the length of the barrel — that is, they 
break or make contact with their respective brushes 
at the same time : likewise those of sets 5 and 7, 
etc. .But each pair^ reckoning from the left, is 
slightly (20^) behind its neighbouring pair on the 
right. The result of this is that, in the movement of 
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three spirals can be connected up to give different 
values. Each spiral iTicasiircs % of an ohm— hence, 




by using a single one, we have this resistance: 
using two in parallel, i"', with two in series i^^, an 
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so on. Spirals having other values are also employed 
where necessary. The bare conductor enables the 
heat developed to be freely radiated away. 

Instrument -room Cabinet, or " Secondary 
Cell Main Distributing Cabinet." — This, illustrated 
in Fig, 85, corresponds with the " battery box " of the 
primary system. An ebonite tablet suitably mounted 
carries a series of twelve combined fuse-holders and 
test-holes with U-links. Each fuse-holder consists of 
a pair of phosphor bronze contacts, like those pre- 
viously described, and in these a s-ampere "fibre- 
tube" fuse is inserted. The brass piece carrying 
each contact is provided with a test-hole. There are 
two rows of these, and to the lower are brought the 
four negative, the four positive, and two spare leads 
from the battery-room cabinet. The upper row is 
simply mounted on the tablet. Immediately above 
this is a row of simple test-holes, to which are con- 
nected the distributing leads to the table cases, to be 
described later. With the fuse in position, the bat- 
tery lead is thus brought to the upper contact springs. 
Connection between the latter and the test-hole 
above is made by a U-link, as shown in the figure. 
To disconnect the power from any lead it is there- 
fore simply necessary to remove the U-link without 
touching the fuse. The voltages iarc arranged with 
the lowest (24) at the centre, the negative ranging 
upward to the left and the positive to the right. The 
eight leads and two spares thus require ten of the 
twelve fuse positions, the remaining two being 
spare. Above the fuse-tablet is fitted a D'Arsonval 
voltmeter with scale 20 — 140 volts, with a three test- 
hole tablet. 
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stripj whiist at the front is a square brass fitting, with 
a protruding nipple carrying a coarse thread - 




Fig. 83. 
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brass cap has a similar thread on its interior, andi 
normally, screws over the nipple. The latter and tht 
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square portion also have a hole bored quite through 
them, so that when the cap is taken off a cylindrical 
hole exists from the end of the nipple to the back of 
the porcelain strip. At the bottom of this hole, as 
we have seen, is a spiral spring. The latter, even when 
fully distended, does not reach the metallic portion 
at the front of the hole — hence, whether the cap be 
on or off, there is no connection between the battery 
lead and the front fitting. The diameter of the hole, 
however, is such as to just admit a i -ampere glass- 
tube fuse, and when one of these is inserted, and 
the cap screwed on the nipple, the fuse compresses 
the spiral spring and forms a connection between the 
battery lead and the front fitting. On the right-hand 
side (as seen from the front) of the square portion of 
the fitting is a screw, and this serves to clamp the 
end of the wire going to a particular instrument. 

Each- vertical row of these caps represents a par- 
ticular voltage ; and all instruments requiring this 
voltage have their leads connected to the screws on 
the right-hand side of this strip. 

If it is desired to disconnect the battery lead from 
a particular instrument, this can be effected by 
simply unscrewing and taking off the cap and with- 
drawing the fuse. 

To change the voltage on any set, two extra 
brass caps are provided and connected with each 
other by a flexible (conducting) cord. One of the 
caps is fitted with an ebonite pin. The ordinary cap 
is unscrewed from the normal voltage fitting, and the 
fuse withdrawn. Over this nipple the cap with the 
ebonite pin is then screwed. The pin forces down 
the spiral spring at the foot of the hole, preventing 
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contact with the battery lead. This cap is thus in 
connection with the instrument on which it is de- 
sired to bring a new voltage. A fuse is then inserted 
in a spare hole on the required voltage strip, and the 
cap at the other end of the flexible cord is then 
screwed over it, thus making the required battery 
connection. 

Protective Resistances.— It will be seen that 
the current for any particular set, before reaching the 
sending key, has to pass through three fuses — the 
25-ampere one on the battery rack, the 5-ampere 
one on the instrument-room cabinet, and the i-am- 
pere glass tube fuse on its particular table case. 
As a further precaution against short-circuit at any 
part of the system, an additional resistance coil is 
inserted between the table case and the key. It is 
placed on the instrument table, and is of such a value 
that if it were the only resistance in circuit the cur- 
rent shall not exceed half an ampere. Thus, for the 
24- volt leads it is 50 ohms, and for the 40-volt 80 
ohms. It is cased in metal so that the heat set up 
by an improperly-augmented current shall be freely 
radiated away, and shall do no harm beyond the coil 
itself. These metal-cased resistance coils are placed 
in the 24-volt leads when the latter are used as mains, 
but not when used as locals. The 80- volt and 120- 
volt leads have incandescent lamps (100 volt, 16- 
candlc- power) similarly placed, mounted in suitable 
stands on the table. 



CHAPTER X. 
Charging Arrangektents. 

Means of Charging. — We have considered the 
cells themselves and how the current is taken through 
the battery and instrument- room cabinets and tabic 
cases to the instrument sets. We have also seen how, 
by the action of the rotary and charging switches on 
the former cabinet, the sets are selected for charge 
and are connected up to the charging leads. We 
now have to consider the means of charging, which 
may vary with the local conditions. 

If the town has an electric supply, continuous cur- 
rent and of low voltage, say lOO volts, the cells can be 
charged direct from the public mains. This is the 
simplest arrangement of all. In the case (a) where 
no public supply is available, or (6) where one exists 
of too high a voltage or alternating, a dynamo is 
necessary and motive povyer to drive it. In the first 
case (a) of no public supply, a gas or oil engine may 
may be found convenient for driving purposes ; in (d) 
an electric motor may be employed. The dynamo 
and the motor are then coupled rigidly together and 
form a motor-generator. There are three cases in 
which the latter combination is used : (i.) where the 
supply is continuous current, but above Csay) i lo volts, 
(ii.) where the supply is single-phase alternating, and 
(lii.) where it is polyphase. 

Motor-Generator.— We will now describe a com- 
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plete plant consisting of a motor-generator connected 
DO the motor side with the mains of a direct-current 
supply of (say) 480 volts, together with the necessary 
idjuncts and accessories. The transformation is thus 
from high voltage direct to low voltage direct: the 
reason for the selection of this case for first con- 
sideration is that it is perhaps the most typical. 

Such a motor-generator is illustrated in Fig. 89. 
It is constructed by the Lister Electric Manufacturing 
Co. (Messrs; Pinching & Walton). Both motor and 
dynamo are of the open type — 4-pole shunt-wound, 
with dmm Armatures, and the combination runs at 
approximately 1,500 revolutions per minute. 

This particular generator has a capacity of 1*5 

kilowatts, giving about 23 amperes at a pressure of 

65 volts. The resistance of the field-magnet coils 

(cold) is 22'S ohms, and that of the armature 018 

ohm. It will be remembered that the largest number 

of cells to be charged in series is the combination of 

two local sets— a battery of 24 cells, normally giving 

48 volts. When the battery is becoming fully charged, 

the E.M.F. rises to about 25 volts per cell — hence the 

24 when near the end of a charge will give 60 volts. 

The dynamo E.M.F. must of course always be above 

that of the battery. On the other hand, when the 

cells have run to the lowest permissible figure, the 

E.M.F. may fall to 1-9 per cell — hence the E.M.F. 

of the dynamo must be capable of variation, and the 

means adopted to secure this consist in the inclusion 

of a rheostat in the circuit of the shunt coils. The 

speed of running being practically constant, the 

E.M.F. developed is in direct proportion to the 

strength of the field. The latter depends on the 



144 TELEGRAPH SECONGARY 

magnetising effect of the field-magnet coils. Hence 
if the rheostat is in a medium position — i.e., with 
some resistance in curcuit — any reduction of this 
will. result in an increased current through the field 
coils. This strengthening of the magnetic field will 
augment the E.M.F. of the armature. By increasing 
the resistance, of course, the reverse effects are 
obtained. The resistance in the rheostat is arranged 
in 35 steps, and has a total of 30 ohms. By this 
means the dynamo E.M.F. can be varied from 45 to 
85 volts. 

Two pairs of carbon brushes are employed, these 
being connected in parallel. 

The motor, of course, is wound to suit the E.M.F. 
of the local supply. Where the latter is a '* three- 
wire " system, and the pressure, as we have assumed, 
the P.D. between the middle or neutral wire and each 
of the outers, is 240 volts. All motors, however, as a 
rule, are connected across the outers, thus taking the 
full 480 volts. For this voltage the field resistance is 
1,000 ohms, and that of the armature 2*8 ohms (cold). 
A single pair of brushes is used, making an angle of 
90*^ with each other, the necessary cross-connection 
being made in the armature interior. The starter for 
this machine has a total resistance of 70 ohms, cut up 
into eight sections. 

The two machines are mounted in line upon a 
common base plate, and are provided with three self- 
oiling bearings of phosphor bronze. The combined 
efficiency varies from 65 per cent, at full load to 
50 per cent, at half load. The machine should carry 
any load between the limits of its design, with a 
fixed brush position, quite sparklessly. 
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Dynamo Board. — For the mounting of the rheo- 
stat, cut-outs, etc., a board of teak, some 3 ft. by 2 ft., 
is provided. This, shown in Fig. 90 (together with 
the dynamo connections), carries the following: a 
voltmeter with tumbler switch, an ammeter, the 
rheostat in the circuit of the dynamo field-magnet 
coils, an electro-magnetic cut-out, and a double-pole 
fuse. 

The voltmeter and ammeter are of the Stanley 
D'Arsonval type, described and illustrated in Chap- 
ter V. The former reads from zero to 80 volts, and 
is brought into circuit by means of the switch. It 
serves to indicate the E.M.F. at the dynamo terminals. 
The ammeter, reading from zero to 25 (or 40) amperes, 
shows the current passing to the cells. The field 
resistance we have already described. 

Electro-magnetic Out-out.— This piece of ap- 
paratus is illustrated in Fig. 91, and shown diagram- 
matically in the upper right-hand corner of the 
dynamo board. A horizontal arm, pivoted at its 
centre, carries at one end a copper fork, and at the 
other an adjustable weight. The latter end being 
the heavier, the fork is tilted upwards. Beneath the 
prongs of the fork are two metal cups containing 
mercury, and when the right-hand end of the arm 
descends the prongs dip into the mercury, and thus 
connect the two cups together. Fixed to the hori- 
zontal arm is a vertical limb of soft iron, whose 
upper extremity plays in a hollow coil, c, of fine 
insulated wire of 2,000 ohms resistance. Above this 
coil is placed, yoke uppermost, a horseshoe electro- 
magnet, with its poles one on either side of the pro- 
truding limb of the movable system. The left-hand 
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coil, A J of the horseshoe is wound with fine wire to 
400 ohms, whilst the right, B, has a few turns of stout 
conductor of tiegh'geable resistance. The object of 
the lower coil is simply to polarize the soft-iron 
limb. Assume that it makes the upper end an N 
pole. The effect of the two coils on the horseshoe 
electro-magnet is to make the left-hand an N and the 
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right an S, but the two windings are separate, and the 
circuit of the low resistance coil is incomplete until 
the fork connects the two mercury cups. During 
operation s, current is always flowing through the 
lower coil, c, and also through coil A, When it 
attains a sufficient strength in the latter to overpower 
the effect of the weight, the soft-iron limb is repelled 
to the right. This causes the pivoted arm to push 
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the fork into the cups, and the circuit of coil B is thus 
completed. The latter, being of very low resistance, 
practically short-circuits the 400"' one ; hence the 
current is largely increased, and the S pole formed 
by its action holds the lever firmly over to the right 
Now if the dynamo E.M.F. should fall below that of 
the battery — by the slowing-down of the machine, or 
through the appearance of a fault — the cells will dis- 
charge through the dynamo, to the certain damage of 
the latter. This discharge current will be in the 
opposite direction to the charging one, excepting 
in coil c, where it will flow in the sartie direction as 
the charging current The polarity of the movable 
arm will, therefore, be unchanged. Now if the re- 
versal takes place slowly, the charging current will 
become less and less until the horseshoe magnet can 
no longer hold over the pivoted arm of the cut-out 
The weighted end, therefore, falls, and withdraws the 
the fork from the mercury cups, and breaks the direct 
circuit. Further, if the reversal should take place 
suddenly — say owing to the sudden stoppage of the 
dynamo — the discharge current will reverse the 
polarity of the horseshoe magnet, and the vertical 
arm (its polarity being unchanged) will move to the 
left, and thus break the circuit. The eflfects of the 
action of the cut-out can best be seen in Fig. 98. 

A dynamo used for charging purposes is invariably 
shunt- wound. The reason for this is that, should the 
reverse current from the cells reach the machine, the 
polarity of the field-magnets will be unaltered. In 
the case of a series-wound machine the polarity would 
be reversed, and on making a fresh start the dynamo 
would send its current in the reverse direction. 
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Motor Board (direct-current), — This, with the 
motor connections, 15 shown m Fig, 92. The leads 
from the mains are brought first to a fuse installed 
by the supply company, thence through a meter to a 
doubie-pole switch on the board. This, illustrated 
in Fi^s, 93 and 94, is the '* Acme " pattern of Messrs. 
E. F. Moy, Ltd., and is provided with an iron case, 
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The first illustration shows the switch complete; the 
second with the cover removed. From this the leads 
pass through a pair of cut-outs (fuses J, the negative 
going to the motor and the positive to the lever of 
the starting switch. When the latter is moved over 
to the right the current splits, part going throu^i the 
starting resistance £0 terminal A and thence througli 
the armature, the otKer part going through the sms 
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electromagnet to terminal f and then to the field- 
magnets. Both parts reunite at the negative terminal 
of the motor The lever is moved over slowly as the 
motor gains speed, and step after step of the resistance 
is cut oitt from the armature circuit and thrown into 
that of the field On reaching the right-hand limit 
the lever is permanently held over by the electro- 
magnet, and the starting resistance is short-circuited. 




F[G. 94. — '*ACME ■ I), p. .SVVITLJI, Willi CuVllK RKMOVF-D. 

The function of this'-* no voltage ' release " is fully 
explained in Chapter 11. in connection with Fig. 29. 
Motor Board (single-phase alternating),— 
Fl^. 95 shows the arrangement of the motor-board 
when the supply current is alternating, single-phase. 
The leads from the mains, after passing through the 
double- pole switch and cut-outs, are led — one to 
terminal m of the motor, and the other to the centre 
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terminal of the two-position starting switch. The'* 
ends of the starting; resistance are brought to the 
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"full '* and *\start" positions of the switch, the lat 
Mng also connected to tecminab \ and 2 of 
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motor. Between M find 2 is the motor main winding, 

and between M and i is placed an auxiliary winding 
for starting purposes. In start in^^s the switch is 
turned to the rights and the two w^in dings are then 
placed in parallel, the auxiliary winding having the 
inductive resistance included in its circuit The 
current passing through the latter is retarded or put 
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out of phase with that in the main winding, so a?^ 
to produce an artificial two-phase arrangement, by 
which the motor i^ enabled to start. After this is 
effected the switch is turned to the " fulT* position, 
and the auxiliary winding cut out. This device is 
necessary because the single-phase induction motor 
is not seif-starting. See Chapter III, 
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Polyphase Motor* — Where the supply is two 
or three-phase alternating, the motors are self-starting^ 
and smalt machines are often connected directly to 




the mains by the closing of the main switch— n 
starting device being necessary. For 3 -wire two and 
three-phase this switch simply makes three contact 
simultaneously. 
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straight and equidistant from each other. After 
placing the ebonite forks astride the positives, the 
sections have to be stood on the glass sheets carried 
by the wooden frames. We -have ensured a good 
seating for the latter in the glass cell. It should, 
therefore, be taken out, the section lifted by the two 
bus-bars (positive and negative) and placed with the 
lugs of the plates resting on the edges of the glass 
slabs. The wooden cross-pieces can now be put on 
the uprights, and the complete frame, with its glass 
sheets, should be tied to the section with string, so 
that when the section is lifted by the bus-bars the 
frame is lifted with it. The parts of the cell, except 
the containing vessel, are now assembled (as in Fig. 
68), and the combination may be lifted into its glass 
box which has already been stood in the tray. The 
string being then untied and removed, the cell is com- 
plete and ready for placing on the rack. 

Setting up S-type Cells.— The initial pro- 
cedure is as already detailed. The sections of this 
type, however, have no supporting wood frame or 
glass sheets, but are hung from the sides of the glass 
box itself. Each wooden tray, too, carries five or six 
cells. Hence each tray should be stood on the bench 
as before, an even layer of sawdust placed in it, and 
the glass boxes stood thereon. The sections should 
then be lifted by the bus-bars and placed in the boxes 
with the projecting lugs of each plate resting on the 
edges of the box. Care must be taken that all the 
plates hang quite vertically and are central in the 
boxes, that is, with their edges in alignment and a 
clearance between the edges and the inside of the 
glass cells. Two ebonite forks should be placed 
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astride each positive plate, except the outer ones, 
which should each have thr.ee. 

The outer negative at one side should go quite up 
to the side of the cell. There will then be a small 
space between the other outer negative and the glass. 
In this space arc placed vertically two |-in. corru- 
gated lead strips, which are seint with the cells, about 
2f ins. apart and in line with the forks. Owing to 
the tapering of the boxes, the space will be less at 
the bottom than at the top, and it will be necessary 
to flatten out the strips a little towards the bottom. 

The six cells can now be placed in their proper 
tray and connected together, and the whole is then 
ready to be put in position on the rack. 

Mounting on Racks.— The mushroom insu- 
lators, duly filled with oil, should be placed in the 
shallow grooves cut for their reception in the bearers 
of the racks and the cells, complete with their trays, 
stood on the insulators. With each T-type cell three 
of the latter are used, say, two at the back and one 
in front. The next tray should have one insulator 
at the back and two in front, and so on alternately. 
With the S-type cells each tray has its six insulators 
equally divided between back and front. The cells 
should be placed so that the plates lie at right angles 
to the length of the racks, and a space of about an inch 
left between each glass box and its neighbour, or 
about half an inch between the trays. The contact 
surfaces of the lead lugs having been carefully cleaned 
and placed together and the connectors screwed up, 
the cells are now ready for the acid solution : this, 
however, must not on any account be put in until 
all is ready for charging. 
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First run of Dynamo.— We now assume that 
the motor generator is properly erected, that the 
power (motor) and dynamo boards are fixed and 
wired, that the battery-room cabinet is set up and 
the cells all connected thereto, but no acid yet placed 
in them. Further, we assume that all connections are 
made between the supply mains, power board, motor, 
dynamo, dynamo board, and battery-room cabinet 
Everything, in short, is ready for a start, except that 
the acid is not yet put in the cells. 

We now have to see whether the machine is pre- 
pared to do its work. First, make sure that the local 
and the two main-charging switches on the battery- 
room cabinet are open, that the lever of the motor 
starting-switch is in its disconnected position, and 
that the dynamo rheostat on the power board has 
all its resistance in circuit, i.e., its handle turned as 
far as it will go in the direction for ** lowering voltage." 
The voltmeter on this board should be brought per- 
manently into circuit. 

Starting Motor.— Close the main double-pole 
switch on the motor board, and advance starting- 
switch lever to first contact stud, and then to second 
and third, resting on each for a slight interval as the 
motor, after starting, gets up speed. As the speed 
further increases, the lever may be moved from stud 
to stud, with a pause on each, until it is in the proper 
position for running, full over to the right, where it 
will be held by the attraction of the electro-magnet 
The motor is now running and driving the dynamo. 
As the whole of the field resistance is in circuit, the 
voltmeter will indicate a low E.M.F. The resistance 
been gradually cut out, the E.M.F. should rise to its 
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maximum. This, of course, is assuming that all is in 
order, and that the dynamo excites up properly. 

When it is desired to stop the machine (the cells 
being first cut off by the opening of charging switches), 
this should always done by opening the main double- 
pole switch, never by attempting to move the starting- 
switch lever. When the main switch is opened, the 
starting-switch is released automatically, and no 
arc-ing takes place. 

Dynamo failing to excite.— When starting a 
dynamo we always depend on the presence of a 
certain amount of residual magnetism, which is a 
result of the last run. This sets up a weak field, and 
in cutting this a feeble current is generated in the 
armature. This current, passing round the shunt 
coils, augments the magnetism of the cores and 
provides a stronger field, to be cut by the armature. 
This mutual building-up goes on until the dynamo is 
properly excited. 

The machine, before delivery, has of course been 
put through a trial run and thoroughly tested at the 
manufacturer's works. The jarring and jolting of a 
railway journey, however, are liable to deprive it 
entirely of its residual magnetism : hence, when the 
machine is erected and started, it will not excite. 
The remedy is a simple one. Half-a-dozen primary 
cells, in series, should be connected to the field- 
magnet coils for a few minutes, care being taken to 
connect-up in the right direction — the positive pole 
of battery to the positive terminal of the machine — 
so that the battery-current shall pass through the 
shunt coils in the same direction as the current from 
the armature would do. As the armature coils are in 
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parallel with the shunt, it is advisable to lift the 
brushes while the battery is on. This being done 
with no fault existing, after running for a short time 
the dynamo will give its proper E.M.F. 

Checking Connections. — It is, of course, a matter 
of the greatest importance that the positive pole of 
the generator should be brought to the positive 
terminal of the cells it is desired to charge. The 
proper running of the leads can easily be checked as 
far as the dynamo board by means of the voltmeter 
mounted there. If the leads are by accident crossed, 
the pointer of the instrument will be held dead 
against the zero stop, and no reading can be obtained. 
Further, if the voltmeter on the battery-room cabinet 
be pegged into the test-holes labelled ** dynamo leads" 
between the two main charging switches, this instru- 
ment will check the proper joining-up of the leads to 
the cabinet. The full deflection will not be obtained 
on this voltmeter, as the 400^ coil of the automatic 
cut-out is included in this circuit. 

Initial Charging of Cells. — We have now 
proved the dynamo — that it is ready to do its work. 
To give the cells their first charge we must be pre- 
pared to run the dynamo uninterruptedly for a some- 
what lengthy period — 36 to 40 hours. 

As the machine is designed to charge only 64 (40 
main and 24 local) of the 208 cells at once, we cannot 
charge the whole at one operation. One plan is to 
follow the normal working arrangement, />., to take 
for a single operation a positive set of 20 cells, a 
similar negative set, and a combined local set of 24 
cells, and to charge these in parallel. For the second 
operation the rotary switches are turned to the next 
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position, giving the next two main sets ; the other 
pair of local sets is brought on by means of the local 
switches : these three sets are then charged in parallel. 
For the third and fourth operations the necessary 
movements of the barrel switches are made, but in 
these two latter cases we have only the main sets to 
charge. It will be seen that as each operation lasts 
for 36 hours, the whole scries will occupy fully a 
week's time, day and night, which lengthy period it 
is desirable to abridge. 

This can be accomplished by charging all the 
positive sets in parallel, then all the negative and 
then the locals, thus reducing the operations to three. 
To do this, some alteration of connections are neces- 
sary at the battery-room cabinet. With either rotary 
switch in, say, position four, No. 4 main set is con- 
nected to the dynamo leads. To put the other three 
sets in parallel with this, their ammeter switches 
must be opened, and the connections made by pegs 
and cords on the front of the cabinet. There are 
sufficient test-holes to allow of this. The bare wire 
resistance will require to be reduced to its minimmn 
or cut out entirely. In charging one combined set, 
the charging switch (positive, negative, or local) of 
that set only is to be closed, those of the other two 
being carefully kept open. 

Taking as an example a case where the first plan is 
adopted, and where the mains and locals are of the 
same capacity, say, 45 -ampere hours, the charging 
current for these (from the table in Chapter VIII.) is 
6 amperes ; and as there are three rows in parallel 
we shall require a total current of 18 amperes. The 
local set of 24 cells will need the highest voltage — 
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something over 50 volts. But the 20-cell sets do not 
require so much ; hence the excess must be cut down 
by means of the bare wire resistance. We really want 
about 42 volts, and must, therefore, absorb 50 — ^42=8 
volts. The current being 6 amperes, the required 
resistance is f = i^ ohms, in series with each main 
set. The resistances must accordingly be set at this 
figure. 

When all is ready for commencing the first charge 
— and not till then — the acid solution should be poured 
into the cells of those sets which have been selected 
for charge, but not into the others. Sufficient should 
be put in to cover the plates by at least half an inch. 
The proper specific gravity of the solution is 1,190, 
but it will fall below this figure when first put into the 
cells, and may not commence to rise for a considerable 
time after charging has started. 

All switches being open, the maximum resistance 
inserted in the field rheostat and the motor-generator 
being well supplied with oil, the motor can be started 
in the manner before detailed. When the machine is 
running steadily the generator E.M.F. should be ad- 
justed by means of the rheostat until the voltmeter 
indicates an excess over the batteries to be charged 
(this will be in excess of 48 where locals and mains are 
grouped) The charging switches can then be closed. 
Only a small current of course can pass until the electro- 
magnetic cut-out cuts in, as before this is done the 
400^ coil is in the charging circuit. If the apparatus 
does not cut in, the dynamo E.M.F. must be raised 
until it does cut in — it must not be actuated by hand. 
After the cut-out has acted and current flows to the 
cells, the dynamo E.M.F. can be adjusted to give the 
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exact current required. It may be added that if 
reference be made to the ammeter on the power 
board after the closing of each charging switch in 
succession, it can easily be seen whether the current 
increases by the proper amount as each fresh set of 
cells is added. 

The dynamo should on no account be stopped for 
the first twelve hours. As the charging proceeds the 
specific gravity of the electrolyte will rise, and towards 
the end of the 36-40 hours gas should be freely 
liberated from both positive and negative plates, and 
the specific gravity and voltage cease to rise any 
further. The values of the latter should be 1 205-1 208, 
and about 2*5 volts. If at the end of the first charge 
the sp. gr. rises above 1210, pure distilled water must 
be added to reduce it to 1205-1208. This should be 
added whilst the plates are gassing, as the gas agitates 
the acid and ensures thorough mixture. If addition 
is made when liquid is quiescent, the water, being 
lighter than the electrolyte, tends to remain at the 
top. 

On the completion of charge the charging switches 
must first be opened and then the dynamo stopped — 
never the reverse, or the safety devices may fail and 
a disastrous burn-out result. 
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CHAPTER XII. 
Care of Secondary Cells. 

THE secret of the successful maintenance of a 
secondary battery is proper treatment and 
purity of materials. A battery should always 
be kept fully charged — that is, as soon as the normal 
discharge has been drawn off, re-charging should 
commence. The cells should never be allowed to 
stand idle in a discharged state, or sulphating will 
surely follow. The charging current should be kept 
well within the proper limits. A moderate rate, 
extending over a Ipnger time, is always to be pre- 
ferred to a larger current and shorter time. A 
battery subjected to too high a charging current 
may gas freely before its capacity is really satisfied— 
in other words, energy is being poured into it at a 
greater rate than the battery is capable of absorbing. 
Thus it is always wasteful, and if sufficiently above 
the normal may result in blistering of the active 
material, formation of growths on the plates, and 
forcing out of the paste ; all these being due to 
the combined action of the gases evolved, and to 
the expansion of t-lie material. It may indeed be 
found economical and judicious to reduce the charg- 
ing current considerably when nearing the end of 
a charge. The discharge current, too, should always 
be well within the specified limits, and never per- 
sisted in to exhaustion. Of course, in practice, cells 
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have to stand certain abnormal discharges and would 
be useless if no margin were available for eventu- 
alities ; but every care should be exercised to avoid 
throwing a strain upon them, and drawing upon this 
reserve. 

The capacity of the- cells chosen for telegraphic 
purposes is considerably in excess of requirements, 
so as to furnish the necessary margin in case of any 
breakdown of charging-plant, etc. Hence, under 
these favourable circumstances the cells should 
always be in the very best of condition. When fully 
charged the positive plates should be of a reddish- 
brown or chocolate colour, and the negatives a bluish- 
grey. Regular and systematic tests of the voltage 
and density of each individual cell should be taken. 
Slight variations from the normal will, of course, 
be unavoidable ; but the conditions being so favour- 
able, a high standard should be kept up, and varia- 
tions which would be passed over in a battery 
subjected to great wear and tear should be carefully 
enquired into. 

At the end of the first few charges, the current 
being kept on until the specific gravity ceases to rise, 
slight differences in the density of different cells 
may show themselves. It may then be necessary to 
level the cells by withdrawing some solution from 
those of higher density and replacing with distilled 
water. After this, with the exception of " topping 
up," i.e.y adding water to make good evaporation 
losses, there must be no further interference with the 
electrolyte, as its variations arc a gauge of the con- 
dition of the cells. 

As to the materials used. The acid solution is 
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supplied with the cells, so that the initial stage is 
safe. The operation then needing watchfulness is the 
introduction of the water in topping up, as assuming 
cleanliness in the battery room, this is the only way 
in which impurities can be introduced. It should 
be borne in .mind that, although the impurities 
brought in at a single operation may be almost in- 
appreciable, yet the accumulation in, say a year's 
time, may be very considerable. For this purpose, 
then, only pure distilled water is suitable. Rain- 
water, when collected off a non-metallic roof, is 
sometimes used ; but this is a fertile source of the 
introduction of ammonia and ammonium compounds. 
These, in considerable quantity, are decidedly harm- 
ful to a battery. This should be added at the end of 
a charge whilst the plates are ** gassing." To do this 
properly, the following procedure should be adopted. 
Whilst the gases are pouring off no hydrometer 
reading is practicable ; hence, before attempting to 
take it, the electrolyte must be allowed to become 
quiescent. If the reading then shows too high a 
gravity, needing dilution, the dynamo should be run 
again for a short time — in order that gassing may 
again be set up — and the water then added, the 
agitation of the liquid ensuring thorough mixture. 
If it be added when the electrolyte is perfectly steady 
it is liable to remain at the top — being lighter than 
the dilute acid. The solution should always be at 
least half an inch above the top of the plates, as if 
any portion of the latter be exposed, the covered and 
uncovered portions are subject to unequal expansion 
and contraction. 

Hydrometer and voltage readings of every cell 
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should be systematically taken. These furnish a key 
to what IS taking place in the battery, and, by careful 
observation, a developing fault may be removed at 
an early stage. The specific gravity should rise to 
1 200- r 2 10 at the conclusion of charge, and dis- 
charge should never be persisted in after it has fallen 
to 1 1 70. With the generous margin allowed in tele- 
graphic practice, however, the latter limit will rarely, if 
ever, be reached. The voltage should rise to about 2*5 
on charge ; and the lowest permissible value to which 
it may fall is about 1*85. The proper time for taking 
the E.M.F. and gravity tests is just after charge and 
discharge — in the latter test as soon as the liquid 
becomes quiet. 

Sulphating is generally the result of under-charge 
or over-discharge. When a whole battery is thus 
affected, it points to very bad usage. However, 
slight sulphating may occur in a cell here and there, 
the rest of the cells being perfectly normal. Such 
sulphating is the product of local action and short 
circuit, and shows itself by high voltage on the pas- 
sage of the charging current — due to the drop in the 
cell — low voltage on discharge, and low density of 
electrolyte. Local action is due to the presence of 
foreign metals in the solution ; hence the need for 
the greatest care in securing purity of acid and 
water. Short circuits may be formed by foreign 
substances finding their way into the cell, and bridg- 
ing over the plates ; by bad buckling, or by dislodged 
active material. If the short circuit be of low re- 
sistance, the resulting current will be excessive, and 
a fault will soon be apparent. If, however, it be of 
high resistance, its action will be slow, and, perhaps, 
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not manifest itself for some time — the cell simply 
refusing to show up so well in test as the others. The 
presence of such a short circuit in a cell would result, 
after discharge, in an E.M.F. lower than that of its 
neighbours. In addition, the density will be lower 
and cannot be brought up to that of the others, even 
by protracted charging. The remedy, after removing 
the short circuit, is to charge the affected cell until it 
is brought up to normal. To do this, it should be 
kept in circuit for charge, and disconnected when the 
battery is discharging — the screwed connections of 
the cells allowing this, and the substitution of another 
to be effected with comparative ease. 



CHAPTER XIII. 
Use of the Gas-Engixe. 

IN cases where no public service of electricity is 
available, and a gas supply exists, a gas-engine 
is a convenient source of power for driving a 
charging dynamo. 

The first of the two accompanying figures illus- 
trates one of the National Company's smaller engines, 
and the second gives a diagrammatic view of the end 
and a side section. 

A jet of coal-gas burns quietly in the atmosphere : 
that is, continuous gentle combustion goes on at the 
nipple of the burner, where the temperature is sufficient 
to cause the combination of the oxygen of the air 
with the constituents of the gas. But if a closed space 
be filled with a mixture of gas and air and a light 
applied, the combination, instead of going on at a 
single point, extends over the whole space enclosing 
the mixture : in other words, the combustion of the 
whole volume takes place practically instantaneously. 
Combustion under these circumstances becomes ex- 
plosive, and the resulting gases, enormously expanded 
hy the heat, endanger the safety of the containing 
walls. The greater the pressure — or the larger the 
amount of gases compressed into the same space — 
the greater the violence of the explosion, and the 
larger the amount of resultant gases thus suddenly 
freed. 
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the side section, and the spent gases are forced out of 
the cyh'nder by the returning piston. 

It will easily be seen that if the compressed charge 
reaches the red-hot walls of the tube before the crank 
has " turned the corner," i.e., passed the dead-centre, 
the crank will be urged in the opposite direction, 
and the engine reversed. This is " pre-ignition." 
Also, if the mixture does not quite reach the tube, 
an explosion will be missed — or a " misfire " occurs. 
Both these troubles are occasionally met with. In 
the larger engines a fourth valve — the ignition or 
timing valve — is fitted, which opens communication 
between the tube and the cylinder at the proper 
position during the stroke, and then only. 

The temperature of the interior of the cylinder 
will obviously soon become very high, so high as to 
render it impossible to work. Hence a hollow space 
is provided round the cylinder in which water is 
constantly circulating, and by which the temperature 
is kept down. This is the water-jacket. The normal 
temperature of the cylinder is then such as just to 
allow the hand to be placed on the outside of the 
jacket. 

Governing is effected in the following manner: 
The gas-valve rod, G, is moved to the left by the arm, 
B, by the intermediation of the metal piece suspended 
from the governor-arm, F. When the speed increases, 
the governor-balls describes a wider arc and draw 
up the arm, F. In this case the arm, B, does not 
reach G, which is, therefore, unmoved. During this 
cycle, therefore, the cylinder receives air only, and 
no explosion is caused. 

The engine is not coupled up to the gas supply 
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direct. If this were done, the intermittent *' sucking" 
of the gas would render neighbouring gaslights un- 
steady. A large, shallow iron box, with an india- 
rubber bottom, is, therefore, provided as an " anti- 
fluctuator," and to this the gas main is connected. 
The engine, in its turn, is connected to the other 
side of the box. This forms a storage chamber, and 
when the engine draws in its charge, the flexible 
bottom collapses, thus preserving the steadiness of 
the supply. 

To prevent the noise naturally caused by the 
suction of a considerable quantity of air, an iron 
box, with a grating in front, is provided, and inside 
this box a quantity of cocoa-nut matting is placed. 
The air entering this " silencer " is thus deprived of 
any solid impurities and the noise deadened. The 
air pases from this to the engine. A similar iron 
box is provided for the exhaust into which the spent 
gases discharge before passing into the outer air. 
With large engines a jet of water is sprayed into this 
exhaust silencer, so as to cool the gases and con- 
dense the steam — one of the products of the ex- 
plosion. 

An oil-engine is a convenient prime mover where 
neither electricity nor gas is available. The arrange- 
ments are mainly the same as in the gas-engine, with 
the exception that instead of gas a quantity of oil 
vapour is drawn into the cylinder with the proper 
amount of air. In the oil-engines made by the 
National Company, a lamp is used to start vapori- 
sation ; but when the engine is running, the heat of 
explosion is sufficient to keep the vaporiser at its 
proper temperature. A special form of ignition-tube 
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IS arranged within the vaporiser, and its temperature 
is maintained by a patented device, which also en- 
sures that the ignition shall take place at the proper 
time. A small pump injects the required quantity 
of oil into the vaporiser in each cycle of operations, 
and the governor adjusts the stroke of this pump to 
suit the load 
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Or. 890, Btrongly bcunti tr. doth, pHot 1/6 not ; poat fno, 1/8. 



Zht pleasant Hit of 
photography JVIade Gasy, 

A Practical Work, pleasantly written, forming an 
Easy Guide for the Beginner in Camera Work. 

Thb boolc b an attempt to encourage the would-be photographer 
hy pointing out to him that photography is not a difficult and need 
not be an expensive hobby. The author gives the necessary instruc- 
tion in a clear and simple manner, and steers clear of all ambiguities 
and non-essentials. 

CONTENTS, 
latrodsetory— A Urn werdt atoat PiahoU Photogra^j— Oliolee ef Appa* 

ratos-^latM— Developer and Flzor— Paper— Toaiaff—Tke Dark Booa— 

Washing— Lamps— Ifiuugemeat of the Camera— Choostaf a ^e«— 

Making the Bxpo— re— Developing— Mlslispe Drying thePlato-PriBt- 

Ing— Toolag— Mooatiag the Priat—Otker Apparatos- How to tiako a 

Permanent Dark Room— Okoleo ot an nivmuaat— Welgkta and liM. 

snres— Optles and light— Poeulag-Ir " ~" 

yon eannot do— What yon i ' " 

— Bednclng —Vignetting — Li 

Enlarging— Index. 

PRE88 OPINIONS, etc 

" Conveys instruction in a very clear and simple manner." 

Buildert' Rep&Htr, 

Mr. S. R. BoTTONB, the eminent scientbt, says: — "The chapter 
on lenses is excellent." 

An M.D., writing from the Middlesex Hospital, says:— "The best 
elementary book I know." 

" The author discourses on his theme in a pleasant, easy-going 
way, and manages to convey technical instruction without being 
dull." — British Journal of Photo^aphy. 

" Of unlimited value to the begmner and those who are thinking of 
taking up the subject. After carefuUv studying its pages I can con- 
fidently recommend it to one and a\\. —Huli Times. 

" The author does not frighten his readers with pages of formulae ; 
he does not ruin them by advising the purchase of the hundred and 
one up-to-date adjuncts ; and yet he covers the whole ground." 

Eng^/ish Mechanic* 

" We find it just the thing to put into the hands of amateurs. 
Pleasantly written, it progresses gradually from one step to another, 
pointing out difficulties, and in plain language telling the beginner 
now to overcome them. It is a clear and concise guide to the simpler 
branches of photography." — Leisure Hour. 

Another M.D. writes :— " I^ think it is just the thing for the be- 
ginner ; the chapter on lenses is excellent, and I also like the wray the 
tyro is gradually led up to better work, and also to make hb own 
.dark room. It seems to me just the very book I should have hailed 
with delight when I first commenced photography." 

Crown 8vo, 120 pages. Japon Cover, prleo Is. net ; post free, la. 14. 
Art Linen, Stiff Boards, la. <d. net ; post free. Is. 8d. 



Engineering World 

and 
Jlmateur (Sarpenter <$* Sleetrieian. 

2d. Monthly ; post free, 2id. Yearly, 2/6 post 
f^ee to any part of the world. 

The aim of the Engineering World is, inter alia, to 
supply practical and interesting articles, accompanied by 
carefully-prepared working drawings, on the various subjects 
coming wiihm the scope of the journal, written by the fore- 
most writers of the day. 

Tke following are the titles of some of the special articles that 
have appeared in recent issues, in addition to the serial articles 
on Electrical Engineering, Turning, Ornamental Latheworh, 
Telephones, Telegraph Secondary Cell Installations, Dyneunos, 
Batteries, etc. : — 

An American Aerial Yacht.— A Design for a Bureau.— 
How to Make a Phono-Motor.— An Electric Shocking 
Machine.— A Novel Fitment for the HalL— A Camera 
Obscura.— How to Make a Four-Volt Accumulator.— 
A Dresser-Cabinet for the E^itchen.— How to Make a 
Wimshurst Machine.— A Simple and Powerful Box- 
Kite.— A Semi-Bustic Porch. — How to Make Tele- 
graphic Instruments and Dry Cells.— SmaU Electro- 
Motors, and how to Make Them. — How to Make 
Electrotsrpes.- How to Make an Induction CoiL— How 
to Make a Plate Electrical Machine.— How to Make 
an Ammeter.— The Beyolving Bookcase : How to Con- 
struct it.— A Cylinder Electrical Machine. 

Vol. I., comprising Noa. 1 to 12. 

Vol. II. „ No8. 13 to 24. 

Vol. III. „ No8. 25 to 36. 

Vol. IV. „ Nos 37 to 48. 

Handsomely bound, 3/6 each net 

All Nos. and Vols, are in stock. 

' THe Engineering World " may tse ordered from any Newsagent 

or BookstalL 



Shorthand World 
and Typist. 

82 pages. Monthly. Price 2d. ; post free, 3d. 
Yearly, 3/- post free to any part of the world. 

BUSINESS SECTION (in ordinary Letterpress). 

The matter for the Shorthand-typist, contributed by writers 
of reputation and experience, is full of suggestive and helpful 
interpretation, and includes practical articles on Typewriters 
and their Development, Duplicating Devices, Card Indexes, 
Systems of Filing, Desks and Cabinets, Ribbons, Pads, and 
Carbons. Press-Copying, Book-keeping and Loose-leaf Sys- 
tems, Billing Machines, Form and Style, the Correct Use of 
Words, Punctuation for Typists, Forms of Addresses and 
Abbreviations, How to Prepare Matter for the Press and 
Correct Proofs, and to Write Advertisements — in fact, every- 
thing a Shorthand-typist ought to know to make advancement 
a certainty. 

SHORTHAND SECTION (in Pitman's Shorthand). 
The Shorthand characters— clear, bold, and legible, divided 
into three grades, Easy, Medium, and Advanced— at once 
excite attention and admiration, and embrace Short Stories, 
Serial Tales, Interesting Sketches for Home Reading, and 
Humorous Items. Also articles on How to Get Speed and 
other matters of interest to the Shorthand student are treated 
in an attractive manner. In short, this unique magazine con- 
tains abundance of incident, anecdote, and help, and will 
afford many a pleasant hour to the general reader as well as 
to the Stenographer, Typist, or those engaged in business. 

'• Vie Shorthand World " m^y be ordered from anv 
Ne^wsAgent or BooksialL 
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THE NEW YORIt PUBUC UBRARY 




ttniier no circs mitsnces to b« 
em from tke Baildliit 
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